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The  Hanging  Woman  study  report  is  unique  in  the  EMRIA  program.   All 
other  study  reports  have  been  completed  by  the  U.S.  Bureau  of  Reclamation, 
while  responsibility  for  producing  this  report  was  with  the  BLM.   The 
study  site  was  selected  in  FY  76  by  the  Montana  State  Office.   At  that 
time,  Hanging  Woman  and  one  other  site  were  considered  to  have  number  one 
priority.   Funding  and  USBR  personnel  restrictions  prevented  studying 
both  sites  in  the  conventional  manner. 

At  the  same  time,  the  Branch  of  Coal  Resources,  Geologic  Division, 
U.S.  Geological  Survey  was  scheduled  to  map  the  Quietus  and  Forks  Ranch 
7  1/2  minute  quad  sheet  for  coal  resources.   We  were  also  able  to  persuade 
the  Montana  Bureau  of  Mines  and  Geology  to  alter  their  drilling  program 
to  take  in  the  study  site.   With  the  promise  of  solid  cores,  the  Branch 
of  Regional  Geochemistry,  Geologic  Division,  USGS,  became  interested  in  the 
project.   The  Montana  District,  Water  Resources  Division,  USGS,  were 
already  working  under  a  joint  BLM/USGS  agreement,  thus  it  was  possible  to 
direct  their  efforts  to  the  area. 

All  that  remained  was  the  crucial  part  of  collating  the  report  and 
the  responsibility  for  production.   This  became  a  joint  responsibility 
of  the  Division  of  Resources,  Montana  State  Office  and  the  Rehabilitation 
Data  Staff,  Denver  Service  Center. 

The  only  problem  that  developed  with  this  approach  was  the  difference 
in  "study  site"  boundaries.   Geologic  Division  mapped  on  the  original 
BLM  tract  selection  (Figure  15).   The  hydrologic  studies  and  soil  survey 
information  was  developed  for  the  entire  watershed  (Figure  2k) .   The 
area  mapped  by  Geologic  Division  is  the  only  area  that  has  strippable 
coal  and  has  the  potential  to  be  disturbed.   The  entire  watershed  needed 
to  be  investigated  to  determine  the  hydrologic  characteristics. 
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RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

OF 
HANGING  WOMAN  CREEK  STUDY  AREA,  MONTANA 

INTRODUCTION 

Our  society  by  necessity  is  looking  to  the  energy  minerals  of  the 
Rocky  Mountains  and  Northern  Great  Plains  Coal  Provinces  for  a  quantity 
and  quality  source  of  bituminous,  sub-bituminous  and  lignite  fuels.   It 
is  the  responsibility  of  the  Department  of  the  Interior  and  principally 
the  Bureau  of  Land  Management  to  meet  these  energy  demands  and  at  the  same 
time  provide  the  overall  management  guidance  for  acceptable  reclamation 
of  the  actual  lands  subject  to  disturbance  but  also  to  ensure  an  acceptable 
non-degradation  of  the  air,  water,  soils,  vegetation,  wildlife,  and 
recreation  of  affected  areas. 

Purpose  s 

The  purpose  of  this  study  is  to  assure  adequate  data  for  choosing 
optimum  reclamation  objectives  and  for  establishing  appropriate  data  and 
interpretation  for  preparation  of  lease  stipulations  through  site-specific 
pre-planning  recommendations  for  mining  and  reclamation. 

Object  i  ves 

1.  To  analyze  and  quantify  environmental  impacts  from  surface 
mining  of  energy  minerals  in  Montana. 

2.  To  provide  resource  and  impact  information  to  the  leasing 
site  selection  procedures  as  set  forth  by  the  Secretary 
of  the  Interior. 

3.  To  provide  environmental  resource  information  needed  to 
implement  effective  reclamation  and  rehabilitation  programs 
and  for  the  development  of  meaningful  lease  stipulations 

as  required  by  the  mined  land  reclamation  program. 

4.  To  provide  resource  and  impact  information  to  support  state 
and  local  regional  development  and  land  use  planning  efforts. 

5.  To  determine  the  present  and  potential  capability  of  the 

soil  and  geologic  strata  to  support  and  maintain  vegetation  on 
known  energy  fuel  deposits. 

6.  To  provide  physical  and  chemical  data  from  which  realistic 
stipulations  may  be  prepared  for  energy  mineral  exploration, 
mining,  and  reclamation  plans. 

7.  To  provide  data  needed  in  the  preparation  of  Enr i vonmental 
Impact  Statements,  Environmental  Analysis  Records,  and  to  aid 
in  the  review  of  mining  and  reclamation  plans  for  proposed 
land  disturbing  activities  in  the  vicinity  of  the  study. 


Author  i  ty 
Federal  Land  Management  Policy  Act  of  1976. 

Respons  i  b  i 1 i  ty 
Bureau  of  Land  Management 

1.  Selects  reclamation  study  site  areas  for  coordinated  investigation 
of  vegetation,  soil,  geologic  structure,  surface  water,  and 
ground  water. 

2.  Procures  easements  and  rights-of-way  to  conduct  the  studies. 
3-    Characterizes  the  climate  of  the  study  area. 

k .    Provides  soil  survey  information. 

5.  Acts  as  Project  Coordinator  for  field  work  and  report  preparation. 

6.  Distributes  technical  data,  reports,  and  reclamation  and 
rehabilitation  recommendations  to  Bureau  of  Land  Management 
field  off  ices . 

U.S.  Geological  Survey  -  Water  Resources  Division 

1.  Develops  plant-soil  moisture  relationships. 

2.  Conducts  vegetation  and  soil  studies  which  will  result  in 
vegetation  maps  and  related  soil  characteristics. 

3-    Assesses  reclamation  potential  based  on  water  available  from 

precipitation,  the  effects  of  surface  mining  on  area  hydrology, 
and  the  measures  required  to  prevent  adverse  effects  on  surface 
and  ground  waters  of  the  area. 

4.  Prepares  sediment  yield  maps. 
5-    Prepares  erodibility  maps. 

6.  Estimates  annual  runoff  and  peak  flows. 

7.  Collection  and  interpretation  of  data  to  predict  alternative 
solutions  to  ground-water  problems  encountered  during  mining 
and  reclamation. 

8.  Implementation  of  a  monitoring  system  to  define  base  line 
conditions  and  to  document  ground-water  changes  in  flow  and 
quality  caused  by  mining  and  reclamation. 

9.  Prepares  potent iometr i c  maps. 

Branch  of  Coal  Resources 

1.  Prepares  a  geologic  map. 

2.  Coal  sections  and  well  logs. 

3-    Coal  bed  maps  showing  coal  resources. 
k.         Tabulation  of  coal  resources  estimates. 

5.  Table  of  analytical  results  on  coal  resources. 


Branch  of  Regional  Geochemistry 

1.  Characterizes  and  interprets  overburden  materials  as  well  as 
substrata  immediately  below  the  coal  resources. 

2.  Provides  soil  map  of  the  study  area. 

Montana  Bureau  of  Mines  and  Geology 

1.  Conducts  drilling  operations  for  the  procurement  of  core  samples 

2.  Installs  casing  in  holes  selected  for  ground  water  observation 
wel Is. 


GENERAL  REGIONAL  DESCRIPTION 

The  Hanging  Woman  Creek  study  area    lies  within  the  Northern  Rolling 
High  Plains  sub-region  (66,500  mi2)  (172,000  km2)  of  the  Western  Great 
Plains  Range  and  Irrigated  Region  (217,000  mi2)  (562,000  km2)  USDA 
Handbook  296.   Quoting  from  the  Handbook: 

Western  Great  Plains  Range  and  Irrigated  Region 

"In  this  section  of  the  Great  Plains,  unfavorable  soils,  strong  slopes, 

or  low  moisture  supplies  make  success  at  dry  farming  very  uncertain.  The 
annual  precipitation  ranges  from  11  to  2k    inches  (28  to  61  cm),  but 
fluctuates  widely  from  year  to  year.   Average  annual  temperatures  are  kS°    F 

in  much  of  the  region,  but  they  range  from  k0°    F  in  the  north  to  60°  F  in 

the  south.   The  freeze-free  season  ranges  from  100  days  in  the  north  to 
200  days  in  the  south. 

"Mollisols  are  dominant  over  much  of  the  region,  but  Ustic  Aridisols 
are  important  in  the  west.   Shallow  Entisols  on  the  more  sloping  parts  of 
the  dissected  areas,  sand  Entisols  in  sandy  areas,  and  Fluvents  on  flood 
plains  are   also  extensive.   Less  extensive,  but  locally  important,  are    the 
clayey  Vertisols  and  sodic  Aridisols  in  depressions  and  terraces. 

"A  large  part  of  the  region  is  in  range;  some  wheat  is  produced  by 
dry  farming  methods,  mainly  along  the  eastern  margin.   Irrigation  agriculture 
is  practiced  along  some  of  the  major  rivers.   Forage  and  grain  for  livestock 
are  the  principal  crops  on  irrigated  land;  potatoes,  sugar  beets,  and 
vegetable  crops  are  important  locally." 

Northern  Rolling  High  Plains  -  Sub-Region 

"Land  Use:   More  than  four-fifths  of  the  land  is  in  ranches,  most  of 
the  remainder  is  owned  by  the  Federal  Government.   Nearly  three- fourths  of 
the  area  is  in  native  grasses  and  shrubs  grazed  by  cattle  and  sheep.   Gently 
sloping  deep  soils  amounting  to  k  or    5  percent  of  the  area,  are  dry  farmed 
to  wheat.   Narrow  strips  of  land  along  the  Yellowstone  River  and  one  or  two 
of  its  tributaries  are    irrigated.   Sugar  beets,  potatoes,  vegetables, 
alfalfa,  other  hay  crops,  and  feed  grains  are  the  principal  crops;  some  of 
the  land  is  in  tame  pasture.   The  upper  slopes  and  tops  of  some  of  the 
higher  buttes  are    in  open  woodland  of  western  red  cedar. 

"Elevation  and  Topography:  3,000  to  6,000  feet  (9 1 4  to  1829  m)  rising 
gradually  from  east  to  west  and  from  north  to  south.  This  dissected  plain 
is  underlain  by  shales  and  sandstones.  Slopes  are  mostly  rolling  to  steep, 
and  wide  belts  of  steeply  sloping  badlands  border  a  few  of  the  larger  river 
valleys.  Local  relief  is  mainly  in  several  tens  to  a  few  hundreds  of  feet. 
In  places,  flat-topped  steep-sided  buttes  rise  sharply  above  the  general 
level  of  the  plain. 


''Climate:   Average  annual  precipitation  of  the  sub-region  is  12  to 
16  inches  (30  to  k\    cm),  fluctuating  widely  from  year  to  year;  highest 
in  spring  and  early  autumn;  winter  precipitation  is  snow.   Average  annual 
temperature  -  k0°    to  45°  F.   Average  freeze-free  period  -  120  to  140  days. 

"Water:   The  low  and  erratic  rainfall  is  the  principal  source  of 
water  for  agriculture.   Water  for  livestock  is  stored  in  small  reservoirs 
but  supplies  are  too  small  for  any  significant  amount  of  irrigation. 
Irrigation  water  in  quantity  is  available  only  along  the  Yellowstone  River 
and  one  or  two  of  its  larger  tributaries.   Ground  water  is  scarce  in  most 
of  the  area,  but  locally,  sand  and  gravel  deposits  and  coal  beds  yield 
small  to  moderate  amounts. 

"Soil:   Shallow  Entisols  such  as  Bainville,  Midway,  and  Flasher,  are 
major  soils  in  much  of  the  area.      Mollisols  like  Morton,  Chama,  Vebar, 
and  Regent,  in  the  east;  and  Aridisols  such  as  Cushman,  Renoh i 1 1 ,  and  Terry, 
in  the  west,  are  on  the  smoother  upland  slopes.   Locally  conspicuous,  but 
of  small  total  extent  are    the  cold  Alfisols  on  the  higher  butte  tops  and 
cold  sodic  Mollisols  and  sodic  Aridisols  on  nearly  level  to  gently  sloping 
areas.   Fluvents  like  Havre,  Lohmiller,  and  Banks  in  narrow  bands  along 
the  major  rivers  are   extensively  farmed  in  many  places.   About  one-eighth 
of  the  area  consists  of  rough  mountainous  areas  of  extensively  eroded 
badland  and  other  miscellaneous  areas  with  little  or  no  soil  cover." 

The  above  description  is  by  design  a  very  broad  characterization  of 
a  66,000  mi2  (171,000  km2)  area.       It  should  be  remembered  that  the  study 
area  is  approximately  35  mi2  (91  km2)  in  size.   The  report  that  follows  has 
considerably  more  detail  than  that  reported  in  Handbook  296.   Generally, 
the  site-specific  information  falls  within  the  ranges  of  the  broad 
character i  zat  ion . 

Hanging  Woman  Creek  Study  Area 

The  Hanging  Woman  Creek  study  area  lies  approximately  kO   miles  (6k    km) 
south  of  Ashland,  Montana,  30  miles  (48  km)  northeast  of  Sheridan,  Wyoming, 
and  about  4  miles  (6  km)  north  of  the  Montana/Wyoming  boundary.   More 
specifically,  the  study  area    under  consideration  is  the  East  Trail  Creek 
drainage  in  southeastern  Big  Horn  and  southwestern  Powder  River  Counties. 

The  area  is  comprised  of  21,960  acres  (8894  ha),  all  or  in  parts  of 

T8S,  R43E,  Sections  35,  36 

T9S,  R43E,  Sections  1  ,  2,  11,  12 

T8S,  R44E,  Sections  26,  27,  28,  29,  31,  32,  33,  34,  35,  36 

T9S,  R44E,  Sections  1,  2,  3,  4,  5,  6,  7,  8,  9,  10,  11,  12,  13, 

14,  15,  16,  17,  18,  21,  22,  23,  24 
T9S,  R45E,  Sections  6,  7,  8,  17,  18,  19,  20,  21,  28,  29 

The  study  area  (EMRIA  Study  No.  12)  is  shown  relative  to  major 
landmarks  in  Figure  1.   Figures  2  through  6  are    photographs  taken  in  the 
study  area    and  illustrate  the  terrain  of  the  subject  study. 
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Figure  I.    General   Location  Map  of  the  Hanging  Woman  Creek  Study  Area. 
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Figure  2  -  Trail  Creek  flood  plain,  Hanging  Woman  Creek 
study  area,  Montana. 


Figure  3  -  Vegetation  on  Hanging  Woman  Creek  study  area; 
perennial  grasses  and  big  sage. 


Figure  k   -  Vegetation  on  Hanging  Woman  Creek  study  area; 
predominantly  silver  sage  and  big  sage. 
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Figure  5  -  Reservoir  #4056,  T9S,  R44E,  Section  6,  with 
associated  vegetation. 


Figure  6  -  Stream  gaging  station  #06307560  on  East  Trail 
Creek,  Montana. 


Historical  Development 

Hanging  Woman  Creek  and  its  tributary,  East  Trail  Creek,  are  rich  in 
Indianlore.   This  was  Plains  Indian  country  which  supported  their  mode  of 
living.   In  bitterly  fought  battles,  the  Indians  lost  these  lands  and 
consequently  were  forced  onto  reservations,  namely  Crow  and  Northern 
Cheyenne.   Battles  of  note  in  the  surrounding  areas  were,  namely,  Rosebud 
Battle,  June  17,  1 876 ,  now  a  National  Historical  Site;  Battle  of  Wolf 
Mountain  (Battle  of  the  Butte),  January  8,  1877;  and  the  Battle  of  Hanging 
Woman  Creek,  January  7,  1877- 

The  open  range  cattle  industry  brought  development  to  the  area  in  the 
early  1880's  when  the  vast  trail  herds  began  arriving  from  Texas  and  Oregon. 

The  Niobara  Cattle  Company  of  Nebraska  stocked  the  OW  Ranch  with 
Oregon  cattle  on  Hanging  Woman  Creek  in  the  mid-1880's.   The  OW  Ranch 
is  now  the  Kendrick  Cattle  Company  with  surface  ownership  extending  over 
much  of  the  East  Trail  Creek  drainage.   Other  surface  ownerships  in  East 
Trail  Creek  are   Mibra  Lloyd  and  C.  F.  Conley. 

A  fourth-class  post  office  was  established  at  Quietus  in  1919  and  ceased 
operations  in  I960.   The  post  office  building  stands  to  this  date  in  a 
sad  state  of  disrepair.   Towns  that  developed  in  the  area   are   Ashland  and 
Broadus,  Montana  and  Sheridan,  Wyoming. 

Strip  mining  of  sub-bituminous  coal  near  Colstrip,  Montana,  has  taken 
place  intermittently  since  1923-   Through  1958,  coal  in  the  area  was  mined 
by  Northwest  Mining  Company,  a  subsidiary  of  the  Northern  Pacific  Railway 
(now  Burlington  Northern,  Inc.)  for  use  in  coal-fired  steam  locomotives. 
Mining  was  discontinued  when  the  steam  locomotives  were  replaced  by  the 
d iesel -electr ic  engines.   In  1959,  the  mine,  equipment,  and  the  town  of 
Colstrip  were  sold  to  The  Montana  Power  Comapny  (MPC).   Mining  was  resumed 
in  I968  by  Western  Energy  Company  (WEC) ,  a  subsidiary  of  MPC.   From  19&9 
through  1977,  WEC ' s  Rosebud  mine  produced  a  cumulative  total  of  ^5-8 
million  tons.   Reserve  estimates  in  197**  ranged  from  850  million  to 
1  billion  tons  for  WEC  leases  in  the  Colstrip  coal  field.   Projected 
yearly  production  for  the  Rosebud  mine  will  be  18  million  tons  by  1980. 

The  Decker  West  strip  mine  is  one  of  the  most  prolific  producers  of 
coal  in  North  America,  and  delineated  reserves  (3-1  billion  tons  according 
to  Matson  and  Blumer,  1973)  make  the  Decker  area  the  most  important  coal 
district  in  Montana.   Production  began  at  West  Decker  in  1972  with  an 
output  of  800,000  tons  from  the  Anderson-D ietz  No.  1  combination  coal  seam, 
and  by  1977  cumulative  production  had  amounted  to  k2   million  tons. 

Decker  West  is  owned  by  Decker  Coal  Company,  and  the  mine  is  operated 
jointly  by  Peter  Kiewit  Sons  and  Pacific  Power  and  Light,  each  with  a  one- 
half  interest.   A  Decker  East  mine  began  production  in  the  spring  of  1978. 
Decker  West  and  East  mines  are    located  within  the  Decker  and  Deer  Creek 
coal  deposits,  respectively.   A  Decker  North  mine  is  scheduled  to  open 
in  the  near  future  north  of  the  Decker  mine.   Strippable  reserves  at  the 
Deer  Creek  deposit  are   4 1 0  million  tons;  those  of  the  Decker  deposit,  2. 2k 
billion  tons  (Matson  and  Blumer,  1973). 
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Present  Land  Use 

Agriculture  within  the  study  area  is  confined  to  cattle  grazing  with 
some  native  hay  harvested  along  flat  bottomed  drainages.   Along  the  road 
which  extends  south  and  east  of  Quietus,  which  is  in  the  extreme  easterly 
extent  of  the  Upper  East  Trail  Creek  drainage,  are  several  hay  meadows. 
These  are  primarily  in  Section  35,  T8S,  R44E;  Sections  1,  2,  12,  T9S, 
R^AE;  and  Section  7,  T9S ,  R^5E.   There  are   a  few  small  irrigated  hay  fields. 

Commercial  timber  production,  except  for  corral  posts  and  some  fuel 
wood,  does  not  exist. 

Grain  production  is  not  a  factor.   There  are  no  commercial  gravel  pits 
in  the  area. 

The  following  Table  No.  1,  extracted  in  portion  from  Land  Planning 
and  Classification  Report  of  the  Public  Domain  Lands  in  the  Tongue  River 
Area ,  indicates  the  principal  suitability  of  the  land  to  be  grazing  wildlife 
and  watershed. 

Table  1  presents  data  on  isolated  tracts  of  the  study  area,  but  is 
representative  of  a  large  part  of  the  watershed.   The  land  capability 
classification  was  adapted  from  Soil  Conservation  Service  standards.   As 
illustrated  in  Table  1,  only  2  land  classes  are    found  in  the  study  area. 
Land  Class  VI  is  characterized  as  suitable  for  range  and  woodland.   Slopes 
range  from  0  to  20%  and  the  surface  is  irregular  to  rough  or  rocky.   Some 
pertinent  soil  characteristics  are    negligible  to  moderate  relative  salinity, 
fair  to  good  fertility,  light  to  moderate  productivity,  and  moderate 
susceptibility  to  erosion. 

Land  Class  VII  is  suitable  for  range  and  woodland  with  severe 
restrictions.   The  surface  can  be  rough,  rocky  or  eroded  on  0  to  100%  slopes 
There  can  be  a  critical  relative  salinity  problem.   Fertility  is  poor  and 
productivity  is  poor  to  light.   The  land  class  is  highly  susceptible  to 
eros  ion . 

Surface  ownership  is  primarily  private  with  isolated  tracts  of  federal 
and  state  lands  (Figure  7).   With  the  exception  of  approximately  1  1/2  mi^ 
(k    km^) ,  coal  ownership  lies  with  the  Federal  Government  (Figure  8). 

Future  Development 

The  Montana  State  Director  of  the  Bureau  of  Land  Management  has 
released  the  proposed  federal  leasing  action  for  the  Powder  River  area. 
This  area  includes  the  Hanging  Woman  Creek  coal  field  as  defined  by  Matson 
and  Blumer  (1973),  which  in  turn  includes  the  Hanging  Woman  Creek  study 
area  (see  Figure  1  for  locations). 

The  proposed  leasing  areas  are    subdivided  into  levels  according  to 
priority  and  planned  lease  dates.   Level  1  and  2  lease  tracts  are    scheduled 
to  be  leased  prior  to  1990.   Level  3  tracts,  which  includes  the  Hanging 
Woman  Creek  coal  field,  are    not  being  proposed  for  lease  at  this  time. 

11 


-J 

3 

1) 

0) 

01 

<U 

<D 

0) 

to 

e 

4-1 

U 

4J 

4-1 

0 

0J 

nj 

nj 

rt 

a) 

p. 

60 

> 

> 

> 

> 

o 

a) 

•H 

•H 

•H 

•H 

u 

C 

M 

M 

U 

M 

fc 

tfl 

en 

CU 

FU 

Cm 

tO    -H 

CUrH 

H    -H 

O    X> 

a  « 

^0 

H      4-1 

1 

U    -H 

>D   VD   <t 

FU     3 

1        1        1 

a)  oi 

4->  4-1  u 

to  to  -h 

>  >  rH 

•H  -H  XI 

S-i  M  3 

FU  CU  Cm 


I 


o 

cj 

cj 

CJ 

"J 
4-1 

CJ 

o 

o 

a) 
E       M 

3  -a 

on  jC 

Cm     4-1 

•H 

■H 

•H 

■H 

tt) 

•H 

■H 

•H 

sc 

c 

•H 

a 

•H 

H 

iH 

rH 

rH 

> 

■H 

H 

rH 

X 

X 

X 

X 

•H 

X 

X 

XI 

3 

3 

3 

3 

Sm 

cfl 

3 

3 

Cm 

Cn 

Ch 

Cm 

Fm 

Cu 

Cn 

CM 

rH 

tt) 

2 

3 

-   a 

•H 

•    u 

o 

lO 

x>    a) 

s 

OJ     4J 

•H 

00  cfl 

M 

8J 

S-i   3 

FU 

14H 

oi 

•H 

B    cj 

^D 

\D 

-D 

xi 

rH 

-J 

3    iH 

1 

rH 

-a- 
i 

i 

r-l 

1 

rH 

c£3 

1 

cO 

1 

rH 

l 

i-h 

1 

a 

CO 

rH 
•H 

3 

to  XI 

3 

•  Ph 

3    H 

6 

01 

o 

6  "3 

>^ 

01     0) 

3 

60   4J 

tO    n) 

•3 

3     rH 

3 

tO    o 

to 

e    en 

H 

tO 

XI 

C 

01     01 

tfl 

to  X 

4-1 

O     4-1 

c 

a 

o 

o  3 

^ 

(J    -H 

o.  x; 

* 

4J 

to 

XI    -H 

01 

3     S 

t4 

to 

< 

rN     tU 

r< 

Z 

4-1     60 

CU 

< 

r-1     a 

> 

H 

•H     tO 

•H 

Q 

rH      U 

pi 

h-l 

Xl 

PS 

tO    XI 

01 

w 

4-1      3 

3 

s 

■r)     n) 

60 

3 

3 

rJ 

to   a. 

0 

< 

•H 

H 

CU 

«X! 

M 

C     tO 

01 

u 

O     3 

XJ 

z 

•H     3 

4J 

l-H 

4->     O 

Pi 

tfl     4-1 

14H 

FU 

O 

o 

•H     >> 

< 

14H     X 

■H 

to 

tO 

to     " 

CU 

H 

tO     3 

u 

z 

to    -H 

to 

O 

rH     tO 

s 

CJ     B 

3 

o 

o 

-  -a 

•H 

c 

4-1 

o    a 

tfl 

•H    -H 

CJ 

4-1    rH 

■H 

a  x 

14-1 

■H     3 

•H 

M    a, 

CO 

o 

CO 

tn    oi 

tO 

01    X 

rH 

Q     4-1 

o 

X 

to 

H 


r-> 

4-1      3 

•H     O 

rH    -H 

C^ 

•H     4-1 

<r 

X    tfl 

--^ 

tO    CJ 

H 

a  -h 

H 

CO    MM 

> 

CJ    -H 

CO 

O 

X)     CO 

tN 

3    to 

^-^ 

tO     rH 

M    M    M 

rJ      U 

>    >    > 

3   P 

0) 

vD 

CO    X) 

1 

OJ    3 

^D   ^3  <r 

Ij    tfl 

1       1       1 

CU     J 

rH     rH     rH 

u 

T3 

X) 

T) 

0) 

3 

c 

3 

4-1 

tfl 

tfl 

tfl 

CJ 

r-H 

rH 

T3    rH 

tO 

CO 

co 

!>s 

3    CO 

u 

CO 

en 

rH 

to    CO 

to 

CO 

03 

60  rH      tfl 

X 

u 

M 

3 

co    u 

o 

60 

CO 

o 

to     60 

tfl 

XI 

60 

60 

4-1 

l-i     60 

3 

3 

3 

CO 

60    3 

tO 

•H 

•H 

•H 

►J 

a 

D. 

o 

50    3. 

o 

O 

4-1 

3     O 

^-i 

r-\ 

rH 

•H    rH 

to 

CO 

CO 

0) 

O.  CO 

Vj 

rH 

O 

01 

■ 

4J 

rH          . 

3 

T3 

T3 

3 

co  -a 

01 

O 

0 

0) 

o 

o 

S 

S 

o 

S 

XI 

rH 

Xj 

n 

3 

vO 

c/> 

iri 

Jc1 

_\J  A-3 

w 

S  W    co 

5 

CO    W     4-1 

JfJT1   O 

w 

W    W    J 

z 

o 

r^ 

r^ 

rH 

0) 

CN 

CSI 

r-> 

co 

01 

60 

4-1 

r^ 

3 

CO 

-d- 

-J- 

<t 

4-1 

tO 

tO 

<r 

st 

<$■ 

3 

Oi 

w 

3 

o 

CJ 

3 

X 

l-i 

a, 

4J 

O 

S 

3 

oo 

CO 

■X) 

Pd 

H 

O 

I        I 


3 

T3 

XI 

tfl 

3 

c 

rH 

cfl 

tfl 

cn 

rH 

rH 

CO 

CO 

CO 

tfl 

CO 

en 

u 

a) 

to 

00 

14 

u 

60 

60 

60 
3 

60 

00 

•H 

C 

c 

rH 

•H 

•H 

rH 

rH 

ex 

o 

^-< 

o 

IH 

XI  X!  3 
O  O  0) 
S  S  O 


I       I 

i     l 


>  >  >  >  > 


I 

^O    \D    ^O  ^ 

I     I     I     I 


cn  co  r^  i-h  m 


X!     60 

3    3 

tfl    -H 


60      • 

XI 
60    O 

3    6 


60    60 
3 


3 

XI   XI     to 

3      3     rH 

to    to    eo 

rH    rH      CO 

CO  CO  to 
co  co  u 
to     to    60 

60    60    60 
3 

00  50  vH 
3      3    rH 


X) 

O     3  O    rH  rH  i-H     O 

4-1      tO  M    rH  rH  rH      M 

rH                O  O  O 


xi  3 
O  0) 
2  O 


CO 

Cfl     4-1 

U    3 

60    CU 

O 


xi  xi    3 
O     O     01 

2   2   O 


•     •> 

J? 

O  I~» 

(d 

rH    rH 

CO 

n       «v 

rT" 

a\  ^o 

^O    CO 

»   rH 

rH         « 

00        - 

-  o 

«  m 

LO    CN 

CN     rH 

rH          - 

n        n 

•»  o> 

A-* 

rH    -* 

r.V 

vD   r-i 

-V 

LO 

r,V      W 

rH 

w 

-VA-1 

w 

rH 

W    CO 

CO       «s 

CO 

to    CO 

W  3 

s 

Z  Jc» 

4J  ro 

Jf 

4-1     4-1 

Jt? 

CO    CO 

A? 

4J 

Jf  W 

o  ^ 

w 

O     O 

3 

Jf  Jf 

S 

w 

o 

3   Z 

hJ 

rJ      rJ 

CO 

CO    W 

CO 

z 

hJ 

6>   iH    lO    00    O^ 


d    CTi    CT»    0>    C7N 


XI  3 

3  O 

tO  -H 

rJ  4-1 

tO 

4-1  0) 

3  rl 

oi  cj 

CO  0) 

o)  a 
u 


CO    PS 


to   <u 


OI    CJ 

x 


50 
co    3  • 
^   -H 
0)     N 


01  CO 
CO 

01  3 

M  O 

CH  -H 


JO 

e 

3 
3 

01 

x: 


en    cu 
co  pi 


•    cu 
t^  pi 


^    4J 

3 


0)  tfl 

e  s 

a  to 

o  u 


tfl   tfl 

■H  S 

U  OI 

4-J  > 

CO  tH 

3  M 

XI  O 

3 

H    ^ 

O 

XI    o 

3     4-1 

to   CO 

^   tfl 

CJ 

3  = 
Oi    to   3 
4-1     O.  Q 
O     3    W 


S    co 


>J  x) 

O  3 

4J  a) 
tfl 

c 

a) 
rH    -H 

a  x 


a: 


h:     xi  to 
to    o^  cu 

•H    4-1    X  CO 

l-i  -H    cn  cu 

HI   H     H  H 

4-1    tH      0)  MH 

tfl    XI     4J  -H 

B      tfl      tO  4-1 

4J3  3 

01    tH  01 

x;   3    •  xi 

H     CO     VO  rl 


o 

rH 

ex 

QJ 

U 

oi 

OJ 

X 

3 

B 

o 

OJ 

•rH 

> 

4J 

c 

CO 

Z 

CJ 

•H 

n 

CM 

o 

■H 

XI 

CO 

tfl 

CO 

u 

tfl 

o 

rH 

^ 

u 

0 

u 

XI 

c 

n 

tfl 

^ 

01 

oo 

> 

3 

3 

•H 

OJ 

r^ 

a 

3 

cfl 

M 

rH 

2 

Cn 

rJ 

33 

xi 

3 

« 

tfl 

3 

J 

O 

■H 

B 

4-1 

O 

tfl 

i-i 

CJ] 

•4H 

■H 

4-1 

3 

CO 

CU 

01 

M 

> 

a) 

c 

H 

KH 

12 


UNITED  STATES 

DEPARTMENT  OF  THE   INTERIOR 

GEOLOGICAL  SURVEY 


State 


Public  Lands 


Patented 


Figure  7.       Surface  Ownership  of 
Hanging  Woman  Creek 
Study  Area. 
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UNITED  STATES 

DEPARTMENT  OF  THE   INTERIOR 

GEOLOOICAL  SURVEY 


QUIETUS  QUADRANOLE 
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All  Minerals 


Coal  Only 


No  Federal  Ownership 


Figure    8.     Federally  Owned   Minerals 
at  Hanging  Woman  Creek 
Study  Area. 
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Hanging  Woman  Creek  Coal  Field 

About  30,000  acres  (12,150  ha)  of  the  Hanging  Woman  Creek  coal  field 
is  underlain  by  strippable  coal  of  sub-bituminous  C  rank,  principally  in 
the  Anderson  and  Dietz  coal  beds.   Additional  small  areas  are   underlain 
by  strippable  deposits  of  coal  in  the  Canyon,  Smith,  and  Roland  coal  beds, 
but  these  deposits  are  so  small  compared  with  those  of  the  Anderson  and 
Dietz  that  they  should  not  alter  the  economic  potential  of  the  Hanging 
Woman  Creek  coal  field  significantly. 

Coal  Resource  Occurrence  maps  showing  coal  thickness,  overburden, 
structure  and  resources  of  each  major  coal  bed  in  this  area  are  presently 
being  prepared  by  the  U.S.  Geological  Survey  and  will  be  published  in  the 
near  future. 

The  most  important  bed  is  the  Anderson  coal  bed  which  is  15  to  36  feet 
(k  to  11  m)  thick  and  is  essentially  free  of  partings.  Although  much  of  it 
has  burned,  resulting  in  large  masses  of  baked  and  fused  rock  called 
clinker,  large  areas  of  unburned  coal  still  remain  at  shallow  depth.  These 
deposits  are  strippable  in  and  adjacent  to  the  major  tributaries  of  Hanging 
Woman  Creek. 

The  Dietz  coal  bed  is  generally  50  to  70  feet  (15  to  21  m)  below  the 
Anderson  coal  bed  but  is  locally  as  much  as  120  feet  (37  m) .   In  most  of  the 
Hanging  Woman  Creek  coal  field,  it  is  7  to  18  feet  (2.1  to  5-5  m)  thick, 
generally  thickening  northward.   In  the  southwestern  one  third  of  the  area 
it  splits  into  2  to  k   beds  ranging  from  3  to  5  feet  (1  to  1.5  m)  thick,  and 
therefore  has  little  economic  potential.   The  Dietz  coal  bed  is  probably 
strippable  in  and  adjacent  to  the  major  tributaries  on  the  east  side  of 
Hanging  Woman  Creek. 

Transportat  ion 

The  Hanging  Woman  Creek  coal  field  lies  about  hO   miles  (64  km)  southwest 
of  U.S.  Highway  212.   A  secondary  gravel  road  provides  access  into  the  coal 
area.   The  nearest  railspur  located  at  Colstrip  is  about  65  miles  (105  km) 
to  the  northwest  along  a  potential  rail  route.   A  private  railspur  lies 
30  miles  (kS   km)  southwest  of  the  coal  area  via  the  Tongue  River  Valley. 
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CLIMATE 

The  Hanging  Woman  study  area  is  influenced  primarily  by  continental 
climate  and  convective  thunderstorms  in  the  summer.   The  study  area  lies 
within  the  Tongue  River  Basin  and  ranges  in  elevation  from  3560  feet 
(1085  m)  MSL  at  the  mouth  to  4200  feet  ( 1 280  m)  MSL  at  the  highest  point 
in  the  watershed.   Otter  9SSW  weather  station  is  located  approximately 
1  1/2  miles  (2  km)  NE  of  the  watershed  in  the  NE  1/4,  Section  31,  T8S, 
R45E,  at  an  elevation  of  4100  feet  (1250  m)  MSL.   Due  to  the  similarity 
of  terrain,  this  station  was  used  to  characterize  the  climate  of  the 
study  area.   The  period  of  record  available  is  1961  through  1976.   Table 
45  in  the  appendix  presents  these  data. 

The  watershed  lies  almost  in  the  center  of  the  Northern  Rolling  High 
Plains  sub-region  which  reports  on  annual  average  precipitation  of  12  to 
16  inches  (30  to  41  cm).   The  mean  annual  precipitation  at  Otter  9SSW  is 
19.45  inches  (49  cm).   The  weather  station  lies  at  a  relatively  higher 
elevation  than  most  of  the  watershed  and  probably  exhibits  the  results  of 
some  orographic  effects.   The  lower  end  of  the  watershed  may  fall  within 
the  12-16  inch  (30  to  41  cm)  range  reported  by  Handbook  296.   The  same  can 
be  said  about  temperatures  reported  from  Otter  9SSW  versus  the  broad 
averages  in  Handbook  296. 

Temperature  averages  and  extremes  are  illustrated  in  Figure  9-   Mean 
monthly  minimums  are   greater  than  32°  F  in  May  through  October.   Mean 
monthly  lows  are  greater  than  32°  F  during  June,  July  and  August.   There 
is  a  .2  day  in  June,  however,  with  an  average  minimum  temperature  less  than 
32°  F  (see  Figure  10) . 

Mean  monthly  precipitation  is  presented  in  histogram  form  in  Figure  11. 
Cumulative  precipitation  as  a  percent  of  mean  annual  precipitation  is  also 
presented  in  Figure  11.   These  data  suggest  a  relatively  wet  spring  with 
April,  May  and  June  receiving  8.87  inches  (23  cm)  or  46%  of  the  annual 
precipitation.   The  rest  of  the  year  is  relatively  uniform  at  about  1  inch 
(2.54  cm)  per  month. 

Snow  occurs  every  month  of  the  year  except  June,  July  and  August.   Snow 
begins  to  accumulate  in  late  September  and  persists  until  May.   The  greatest 
accumulation  occurs  in  January  and  February  (see  Figure  12).   The  average 
snow  depth  in  January  is  almost  9  inches  (23  cm)  and  in  February  slightly 
more  than  7  inches  (18  cm).   This  figure  represents  the  top  of  the  watershed, 
suggesting  that  the  lower  part  of  the  watershed  and  protected  areas  are   not 
snow  covered  throughout  the  year  except  during  heavy  snow  seasons. 
Selected  storm  frequencies  and  duration  are  presented  in  Table  2. 

There  are  no  evaporation  data  near  the  site.   The  only  evaporation  data 
in  the  Miles  City  District  are  located  at  Fort  Peck,  Sidney  and  Terry  with  mean 
annual  precipitation  of  11.84,  13-67,  and  11.37  inches  (30,  35,  and  29  cm), 
respectively.   Potential  annual  evaporation  at  these  sites  is  50.49,  35-55, 
and  41.89  inches  (128,  90,  and  1 06  cm),  respectively.   This  suggests  that 
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Figure  9.      Mean   Monthly  Extremes,  Mean  Monthly  Minimums  and  Maximums, 
Mean   Monthly  Temperatures  at   Otter   9"SSW,    1961  -  1976. 
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Figure  10.     Number  of   Days  /Month   Mean   Minimum   Temperature  Is  Less  Than   32°F 
Compared  to  Total  Days  in  Month. 
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Figure   12.      Average  Greatest  Snow  Depth  at  Otter  9-SSW,  4100  MSL,  1961  -1976. 
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potential  evapotranspi rat  ion  (PET)  would  exceed  available  moisture  from 
precipitation  during  the  growing  season.   The  average  percentage  of  total 
evaporation  that  occurs  each  month  at  the  three  stations  is  as  follows: 


Apri  1 

7% 

May 

15% 

June 

18% 

Ju  1  y 

23% 

August 

21% 

September 

12% 

October 

k% 

Apri  1 

1.82  ir 

May 

3.90 

June 

4.68 

July 

5-98 

August 

5.46 

September 

3.12 

October 

1  .04 

Caprio  (1973)  has  estimated  average  annual  PET  for  Montana.   The 
Hanging  Woman  Creek  study  area  lies  within  the  estimated  26  inch  (66  cm) 
zone.   If  the  above  percentages  are   applied  to  this  value,  then  estimated 
PET  by  month  for  the  study  area  is  as  follows: 

inches         4.62  centimeters 

9-91 
11.89 
15.19 
13.87 

7.92 

2.64 

Total    26.00  inches        66.04  centimeters 

Figure  13  compares  the  estimated  monthly  PET  with  mean  monthly 
precipitation  at  Otter  9SSW.   There  are  at  least  four  obvious  sources  of 
error  in  this  analysis: 

1.  The  average  monthly  percentage  of  annual  evaporation  at  the 
three  stations  may  not  be  representative  of  the  study  area. 

2.  The  average  monthly  percentage  of  annual  evaporation  may  not 
describe  the  average  monthly  percentage  of  annual  PET. 

3-    The  PET  is  an  estimate  that  may  not  be  applicable  to  vegetation 

used  in  reclamation  of  the  site. 
4.    The  precipitation  values  are  from  one  station  and  do  not  represent 

area   distribution  of  precipitation  over  the  entire  watershed. 

Figure  13,  does  serve  to  illustrate,  however,  the  moisture  stress  plants 
may  experience  in  July,  August  and  September  if  precipitation  is  the  only 
source  of  water. 
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Figure   13.       Mean  Monthly  Estimated   Potential   Evapotranspiration  Compared  to 
Mean  Monthly  Precipitation  for  Study  Area. 
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PHYSIOGRAPHY 

The  Hanging  Woman  Creek  study  area  is  the  East  Trail  Creek  watershed. 
As  illustrated  in  Figure  1,  East  Trail  Creek  is  tributary  to  Trail  Creek 
which  in  turn  is  tributary  to  Hanging  Woman  Creek  which  flows  into  the 
Tongue  River  at  Birney.   This  area  is  in  the  Missouri  Plateau  section  of 
the  Great  Plains  physiographic  province.   Generally,  this  province  is 
characterized  by  a  series  of  benches  which  progress  up  to  flat  topped 
narrow  divides  between  major  stream  valleys.   These  flat  topped  ridges 
constitute  the  remains  of  a  once  more  widely  extended  plateau  surface, 
which  have  been  intricately  dissected  to  create  steep  slopes  adjacent  to 
stream  val 1 eys . 

The  relief  in  the  study  area  is  approximately  600  feet  (183  m) , 
ranging  from  3560  foot  (1085  m)  elevations  along  Hanging  Woman  and  East 
Trail  Creeks  to  4200  foot  (1280  m)  elevations  in  the  uplands  along  both 
creeks. 

The  ridges  are  remnants  of  an  old  upland  surface  that  has  been 
dissected  leaving  the  margins  of  the  uplands  delineated  by  the  outcrops 
of  resistant  sandstone  ledges.   The  flat  top  ridges  are   generally  protected 
by  clinker  zones  created  by  burning  coal  seams. 

The  valley  sides  are  characterized  by  gentle  to  moderately  steep 
slopes,  with  smooth,  coalescing  alluvial  fans,  footslopes,  and  stream 
terraces.   East  Trail  Creek  is  entrenched  to  a  depth  of  6  1/2  to  16  feet 
(2  to  5  m)  into  alluvial  materials  derived  from  soft,  sedimentary  rocks. 

The  lithology  of  the  surrounding  area  comprises  sandstones,  mudstones, 
and  shales  within  the  Tongue  River  Member  of  the  Fort  Union  Formation  and 
limited  outcrop  of  the  Wasatch  Formation,  both  of  Tertiary  age.   There  is 
a  limited  area  of  clinker  outcrop  near  the  west  end  of  the  study  area. 

Stream  gradients  are  relatively  steep  with  the  dominant  stream  pattern 
being  dendritic. 

Figure  7  illustrates  the  dendritic  nature  of  the  stream  pattern.   The 
landform  of  the  area  can  be  seen  in  the  topography  illustrated  in  Figure  7, 
and  the  aerial  photograph  (Figure  14). 
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GEOLOGY  AND  COAL  RESOURCES 
of  the 
Hanging  Woman  Creek  Study  Area 
Big  Horn  and  Powder  River  Counties,  Montana 


The  area  was  mapped  geologically  in  1976  by  W.  C.  Culbertson  and 
M.  C.  Klett  as  part  of  their  geologic  investigation  of  the  Forks  Ranch 
and  Quietus  7  1/2  minute  topographic  quadrangles.   A  report  of  the  geology 
and  coal  resources  of  these  two  quandrangles  is  in  preparation.   Five 
holes  were  cored  in  and  near  the  study  area  by  the  Montana  Bureau  of  Mines 
and  Geology.   The  coal  beds  from  these  cores  were  sampled  and  submitted 
for  analysis  by  J.  R.  Hatch.   The  results  of  these  analyses  were  analyzed 
statistically  by  J.  R.  Hatch  and  R.  H.  Affolter. 

Geologic  Setting 

The  coal-bearing  rocks  underlying  the  Hanging  Woman  Creek  study  area 
comprise  all  of  the  Tongue  River  Member  of  the  Fort  Union  Formation  of 
Paleocene  age,  and  the  lower  part  of  the  overlying  Wasatch  Formation  of 
Eocene  age  (Figure  15).   The  contact  between  the  two  formations  is  placed 
at  the  top  of  the  Roland  coal  bed  of  Baker  (1929).   The  stream  bottoms  of 
Trail  Creek  and  East  Trail  Creek  are  underlain  by  alluvium  that  is  made 
up  of  sand,  silt,  clay,  and  some  gravel. 

The  coal-bearing  rocks  are   as  much  as  2,300  feet  (700  m)  thick  and 
contain  about  20  beds  of  coal,  of  which  five  are    10  or  more  feet  (3  m)  in 
thickness.   The  rocks  between  the  coal  beds  consist  of  sandstone,  siltstone, 
shale,  and  carbonaceous  shale.   The  beds  of  sandstones  and  siltstones  are 
generally  poorly  cemented,  but  locally  some  are  well  cemented  or  grade 
into  limestones  that  form  resistant  ledges  or  benches.   At  the  western  end 
of  the  study  area,    the  Anderson  coal  has  burned  back  from  the  outcrop, 
and  the  resulting  heat  has  baked  and  fused  the  overlying  rocks.   The  baked 
rock,  called  clinker,  is  a  brittle  resistant  reddish  rock  that  is  as  much 
as  100  feet  (30  m)  thick  along  Hanging  Woman  Creek  to  the  west. 

The  target  coal  bed  for  this  investigation  was  the  Anderson  coal  bed, 
which  is  26  to  33  feet  (7-9  to  10.1  m)  thick  in  this  area  (Figure  16). 
In  addition,  the  Dietz  coal  bed,  which  is  9  to  12  feet  (2.7  to  3-7  m)  thick, 
may  be  recoverable  because  it  is  50  to  100  feet  (15  to  30  m)  below  the 
Anderson  bed  (Figure  17).   Several  drill  holes  in  and  near  this  area  show 
that  the  Canyon  coal  bed  is  15  to  21  feet  {k.6    to  6. h   m)  thick  and  is  180  to 
250  feet  (55  to  75  m)  below  the  Anderson  bed.   Because  it  is  considered  to 
be  too  deep  for  surface  mining,  it  was  not  investigated  further.   The  coal 
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Geology  mapped  in  1976  by 
W.C.  Culbcrtson  and 
M.C.  Klett. 


EXPLANATION 

Fault,  dotted  where  concealed.   U,  upthrown  side, 
D,  downthrown  side. 

Outcrop  trace  of  coal  bed,  with  name,  dashed  where 
location  is  inferred. 

Clinker.   Dotted  line  is  the  limit  of  the  baked  or  fused 
rock  resulting  from  the  burning  of  the  Anderson  coal  bed. 

Inferred  position  of  subcrop  of  Anderson  coal  bed  where  the 
coal  bed  probably  has  been  removed  by  stream  erosion. 

Drill  hole  with  data  on  coal  beds. 

Quaternary  alluvium.   Unconsolidated  sand,  clay,  and  gravel. 


Wasatch  Formation  of  Eocene  age.   Sandstone,  siltstone, 
shale, and  coal  beds. 

Tongue  River  Member  of  Fort  Union  Formation  of  Paleocene  age. 
Sandstone,  siltstone,  shale,  and  coal  beds. 


Figure  15.      -Geologic  map  of  the  Hanging  Woman    Creek   Study  Area. 


EXPLANATION 


•■*  Fault  dotted  where  concealed.   U,  upthrown  aide,  D,  down 
thrown  side. 

|D     Drill  hole  with  data  on  Anderson  coal  bed. 


—  ^Q—  Isopach  of  thickness  of  Anderson  coal  bed,  in  feet.   Contour 
interval  is  2  feet. 

— "*~3660""~  Structure  contour  on  top  of  Anderson  coal  bed ,  in  feet  above 
mean  sea  level .   Contour  interval  is  20  feet. 


Area  where  overburden  is  less  than  100  feet  thick. 


oundary  of  area  where  coal  probably  is  missing  because  of 
stream  erosion. 


Figure    16.  -Coal  thickness,  overburden  thickness,  and   structure  of 
Anderson   coal  bed  in  Hanging  Woman  Creek  Study  Area 


EXPLANATION 

Fault,  dotted  where  concealed.   U,  upthrown  side 
D,  downthrown  side. 


,_        Isopach  of  thickness  of  coal  in  Dietz  coal  bed. 
It-™*"'     Contour  interval  is  1  foot. 


Isopach  of  interval  between  the  Dietz  and  Anderson 
coal  beds. 


Figure   17.     -Coal  thickness,  overburden  thickness,  and  distance  below  Anderson 
coal  bed,  of  the  Dietz  coal  bed  in  Hanging  Woman  Creek   Study  Area 


beds  above  the  Anderson  coal  bed  (Figure  18)  are  in  general  thin,  or  of 
poor  quality,  or  of  limited  extent. 

The  coal-bearing  strata  are   nearly  flat-lying  except  in  the  vicinity 
of  the  three  northeast-trending  normal  faults.   The  largest  fault,  which 
trends  through  the  middle  of  the  mapped  area  has  displaced  the  rocks  on 
the  south  side  downward  as  much  as  260  feet  (80  m) .   As  a  result,  the 
Anderson  coal  bed  southeast  of  the  fault  is  so  deep  that  only  a  narrow 
scrip  adjacent  to  the  creek  bottom  is  under  less  than  200  feet  (61  m) 
of  overburden  (Figure  16). 

COAL 

Origin 

Coal  has  been  defined  as  "a  readily  combustible  rock  containing  more 
than  50  percent  by  weight  and  more  than  70  percent  by  volume  of 
carbonaceous  material,  formed  from  compaction  or  induration  of  variously 
altered  plant  remains  similar  to  those  of  peaty  deposits.   Differences 
in  the  kinds  of  plant  materials  (type),  in  degree  of  metamorphism  (rank), 
and  range  of  impurity  (grade),  are   characteristics  of  the  varieties  of 
coal"  (Schopf,  1956).   Inherent  in  the  definition  is  the  specification 
that  coal  originated  as  a  mixture  of  plant  remains  and  inorganic  mineral 
matter  that  accumulated  in  a  manner  similar  to  that  in  which  modern-day 
peat  deposits  are  formed.   The  peat  then  underwent  a  long,  extremely 
complex  process  called  "coa 1 i f icat ion ,"  during  which  diverse  physical 
and  chemical  changes  occurred  as  the  peat  changed  to  coal,  and  the  coal 
assumed  the  characteristics  by  which  members  of  the  series  are  differentiated 
from  each  other.   The  factors  that  affect  the  composition  of  coals  have  been 
summarized  by  Francis  (1961,  p.  2)  as  follows: 

1.  The  mode  of  accumulation  and  burial  of  the  plant  debris 
forming  the  deposits. 

2.  The  age  of  the  deposits  and  their  geographical  distribution. 
3-    The  structure  of  the  coal-forming  plant,  part  icularly,.  detail  s 

of  structure  that  affect  chemical  composition  or  resistance 
to  decay. 
^4.    The  chemical  composition  of  the  coal-forming  debris  and  its 
resistance  to  decay. 

5.  The  nature  and  intensity  of  the  plant-decaying  agencies. 

6.  The  subsequent  geological  history  of  the  residual  products  of 
decay  of  the  plant  debris  forming  the  deposits. 

For  extended  discussions  of  these  factors,  the  reader  is  referred  to 
such  standard  works  as  Moore  (1940),  Lowry  (19^5),  Tomkeieff  (195*0, 
Francis  (1961),  and  Lowry  (1963). 
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Composite  columnar   section 
showing  relations  of  Anderson 
and  Dietz   beds  to  coal  beds 
above  and  below  in  Fort  Union 
Formation 


Figure  18    -  Coal  sections  from  drill  holes-,  composite  columnar  section(  and  drill  hole  data  in  Hanging  Woman  Creek  Study  Area. 
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C lass  i  f i  cat  ion 

Coals  can  be  classified  in  many  ways  (Tomkeieff,  195^,  P-  9; 
Moore,  19^0,  p.  113;  Francis,  1961,  p.  361),  but  the  classification  by 
rank--that  is,  by  degree  of  metamorphism  in  the  progressive  series  that 
begins  with  peat  and  ends  with  graphocite  (Schopf,  1 966 )  —  is  the  most 
commonly  used  system.   Classification  by  type  of  plant  materials  is 
commonly  used  as  a  descriptive  adjunct  to  rank  classification  when 
sufficient  megascopic  and  microscopic  information  is  available,  and 
classification  by  type  and  quantity  of  impurities  (grade)  is  frequently 
used  when  utilization  of  the  coal  is  being  considered. 

Rank  of  Coal 

The  designation  of  a  coal  within  the  metamorphic  series,  which  begins 
with  peat  and  ends  with  graphocite,  is  dependent  upon  the  temperature  and 
pressure  to  which  the  coal  has  been  subjected  and  the  duration  of  time 
of  subjection.   Because  coal  is  largely  derived  from  plant  material,  it 
is  mostly  composed  of  carbon,  hydrogen,  and  oxygen,  along  with  smaller 
quantities  of  nitrogen,  sulfur,  and  other  elements.   The  increase  in  rank 
of  coal  as  it  undergoes  progressive  metamorphism  is  indicated  by  changes 
in  the  proportions  of  the  major  coal  constituents:   the  higher  rank  coals 
have  more  carbon  and  less  hydrogen  and  oxygen  than  the  lower  ranks. 

Two  standardized  forms  of  coal  analyses  —  the  proximate  analysis  and 
the  ultimate  ana lys i s--are  generally  made,  though  sometimes  only  the  less 
complicated  and  less  expensive  proximate  analysis  is  made.   The  analyses 
are  described  as  follows  (U.S.  Bureau  of  Mines,  1965,  P-  121-122). 

"The  proximate  analysis  of  coal  involves  the  determination  of 
four  const  i  tuents :   (1)  water,  called  moisture;  (2)  mineral 
impurity,  called  ash,  left  when  the  coal  is  completely  burned; 
(3)  volatile  matter,  consisting  of  gases  or  vapors  driven  out 
when  coal  is  heated  to  certain  temperatures;  and  {k)    fixed 
carbon,  the  solid  or  cakelike  residue  that  burns  at  higher 
temperatures  after  volatile  matter  has  been  driven  off.   Ul t  imate 
analys  i  s  involves  the  determination  of  carbon  and  hydrogen  as 
found  in  the  gaseous  products  of  combustion,  the  determination  of 
sulfur,  nitrogen,  and  ash  in  the  material  as  a  whole,  and  the 
estimation  of  oxygen  by  difference." 

Most  coals  are   burned  to  produce  heat  energy,  so  the  heating  value 
of  the  coal  is  an  important  property.   The  heating  value  (calorific  value) 
is  commonly  expressed  in  British  thermal  units  (Btu)  per  pound:   1  Btu 
is  the  amount  of  heat  required  to  raise  the  temperature  of  1  pound  of 
water  1°  F  (1  Btu  equals  0.252  ki localor ies) .   Additional  tests  are 
sometimes  made,  particularly  to  determine  caking,  coking,  and  other 
properties,  such  as  tar  yield,  that  affect  classification  or  utilization. 
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Figure  19  compares  in  histogram  form  the  heating  value,  and  the 
moisture,  volatile  matter,  and  fixed  carbon  contents  of  coals  of 
different  ranks. 

Various  schemes  for  classifying  coals  by  rank  have  been  proposed  and 
used,  but  the  one  most  commonly  employed  in  the  United  States  is  the 
"Standard  specifications  for  classification  of  coals  by  rank,"  adopted 
by  the  ASTM  (American  Society  for  Testing  and  Materials,  1977;  Table  1). 
It  is  reproduced  here  as  Table  3- 

The  ASTM  classification  system  differentiates  coals  into  classes 
and  groups  on  the  basis  of  mi nera 1 -matter-free  fixed  carbon  or  volatile 
matter,  and  the  heating  value  supplemented  by  determination  of 
agglomerating  (caking)  characteristics.   "Coals  which  in  the  volatile 
matter  determination  produce  either  an  agglomerate  button  that  will  support 
a  500-g  weight  without  pulverizing,  or  a  button  showing  swelling  or  cell 
structure,  shall  be  considered  agglomerating  from  the  standpoint  of 
classification"  (ASTM,  1977,  p.  216). 

As  pointed  out  by  the  ASTM  (1977,  P-  216),  a  standard  rank  determination 
cannot  be  made  unless  the  samples  were  obtained  in  accordance  with 
standardized  sampling  procedures  (Snyder,  1950;  Schopf,  I960).   However, 
nonstandard  samples  may  be  used  for  comparative  purposes  through 
determinations  designated  as  "apparent  rank". 

The  apparent  rank  of  the  coals  at  the  Hanging  Woman  Creek  study  area 
is  sub-bituminous  C. 

Type  of  Coal 

Classification  of  coals  by  type--that  is,  according  to  the  types  of 
plant  materials  present--takes  many  forms,  such  as  the  "rational  analysis" 
of  Francis  (1961)  or  the  semicommercial  "type"  classification  commonly 
used  in  the  coal  fields  of  the  eastern  United  States  (U.S.  Bureau  of  Mines, 
1965,  P-  123).   However,  most  of  the  type  classifications  are  based  on  the 
same  or  similar  gross  distinctions  in  plant  material  used  by  Tomkeieff  (195*0. 
Table  II  and  p.  9),  who  divided  the  coals  into  three  series;  humic  coals, 
humic-sapropel ic  coals,  and  sapropelic  coals,  based  upon  the  nature  of  the 
original  plant  materials.   The  humic  coals  are  largely  composed  of  the 
remains  of  the  woody  parts  of  plants,  and  the  sapropelic  coals  are  largely 
composed  of  the  more  resistant  waxy,  fatty  and  resinous  parts  of  plants, 
such  as  cell  walls,  spore-coatings,  pollen,  and  resin  particles,  and  coals 
composed  mainly  of  algal  material.   Most  coals  fall  into  the  humic  series, 
with  some  coals  being  mixtures  of  humic  and  sapropelic  elements  and, 
therefore,  falling  into  the  humic-sapropel i c  series.   The  sapropelic  series 
is  quantitatively  insignificant  and  when  found  is  commonly  regarded  as  an 
organic  curiosity. 

In  common  with  most  coals  of  the  United  States,  the  Hanging  Woman 
Creek  coals  fall  largely  in  the  humic  series. 
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Figure   19.      Comparison  on  Moist,   Mineral- Matter -Free  Basis  of  Heat  Values; 
and   Proximate  Analyses  of  Coal  of  Different    Ranks. 
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Grade  of  Coal 

Classification  of  coal  by  grade  is  based  largely  on  the  content  of 
ash,  sulfur,  and  other  constituents  that  adversely  affect  utilization. 
Most  detailed  coal  resource  evaluations  of  the  past  do  not  categorize  known 
coal  resources  by  grade,  but  coals  of  the  United  States  have  been  classified 
by  sulfur  content  in  a  gross  way  (DeCarlo  and  others,  1 966 ) . 

The  range  and  average  of  the  ash  and  sulfur  contents  of  642  coal 

samples  from  all  parts  of  the  United  States  were  determined  by  Fieldner, 

Rice,  and  Moran  (19^2).   Ash  and  sulfur  contents  of  these  U.S.  coals  as 
received  were  as  follows: 


Number  of           Ash,  percent              Sulfur,  percent 
Sampl  es       Range Average        Range Average 

Gk2  2.5  -  32.6       8.9        0.2  -  7-7  1 -9 


The  Anderson  and  Dietz  coal  beds  in  the  Hanging  Woman  Creek  study  area 
are   well  below  average  in  ash  and  sulfur  content. 

Chemical  Analyses  of  Coal  in  the  Hanging  Woman  Creek  Study  Area 

Thirteen  coal  samples  from  five  coal  beds  were  collected  by  the  U.S. 
Geological  Survey  from  the  five  core  holes  in  the  Hanging  Woman  Creek  study 
area.   These  samples  are   briefly  described  in  Table  k.      Nine  of  the  samples 
are  from  the  Anderson  bed  (the  principal  coal  bed  of  interest  in  this  area), 
one  from  the  Dietz  coal  bed  50  to  100  feet  (15  to  30  m)  below  the  Anderson 
bed,  and  one  each  from  three  thin  coal  beds  130  to  210  feet  (kO    to  dk   m) 
above  the  Anderson  bed  (see  Figure  18).   Two  samples  were  collected  from  the 
Anderson  bed  in  each  core  hole,  except  in  hole  HWC-23  (locality  H)  where  part 
of  the  core  was  lost.   In  hole  HWC-20  (locality  K,  Figure  18),  where  the 
Anderson  bed  contains  a  shale  parting  near  the  base,  one  sample  (D186445) 
was  collected  from  the  main  bed  above  the  parting;  a  second  sample  (D186446) 
represents  the  coal  below  the  parting.   In  the  other  three  holes  the  topmost 
l.k    to  2.6  feet  (0.73  to  0.79  m)  were  sampled  separately  from  the  main  bed. 

Proximate  and  ultimate  analysis,  heat  content,  air-dried  loss, 
forms-of-sul f ur ,  and  ash-fusion  temperature  determinations  on  these  samples 
were  provided  by  the  Coal  Analysis  Section,  U.S.  Bureau  of  Mines, 
Pittsburgh,  Pennsylvania  (Table  5)-   Analyses  for  33  major  and  minor  oxides 
and  trace  elements  in  the  laboratory  ash  (Table  6)  and  analyses  of  nine 
trace  elements  in  whole  coal  (Table  7)  were  provided  by  the  U.S.  Geoloqical 
Survey  in  Denver,  Colorado.   Analytical  procedures  used  by  the  U.S.  Geological 
Survey  are  described  in  Swanson  and  Huffman  (1976).   Table  8  contains  the 
data  listed  in  Table  6  converted  to  a  whole-coal  basis  and  the  whole-coal 
analyses  listed  in  Table  7-   Twenty-three  additional  elements  were  looked 
for  but  not  found  in  amounts  greater  than  their  lower  limits  of  detection 
(Table  9).   Unweighted  statistical  summaries  of  the  analytical  data  in 
Tables  5,  6,  and  8  are  listed  in  Tables  10,  11  and  12,  respectively.   Data 
summaries  for  other  Powder  River  regional  coal  samples  are    listed  for 
compar  i  son . 
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Table  4.  --  USGS  sample  number,  hole  number,  locality  number,  depth 
interval,  and  bed  name  for  13  coal  samples  from  cores  of  drill  holes 
in  the  Hanging  Woman  Creek  study  area,    Big  Horn  County,  Montana, 

[All  samples  are  from  the  Fort  Union  Formation  of  Paleocene  age.   See 
Figure  18  for  locations  and  data  on  drill  holes] 


USGS 
Sample 
Number 

Hole 
Number 

Map  Local i  ty 
number 

Depth 
i  nterval 
feet  and 
(meters) 

Coal  Bed  Name 

D186451 

HWC-27 

C 

23-0-27.2 
(7.0-8.3) 

Waddle 

D186452 

HWC-27 

C 

69.0-70.6 
(21.0-21.5) 

Unnamed 

D186453 

HWC-27 

C 

101 .5-105.0 

(30.9-32.0) 

Smi  th 

D186454 

HWC-27 

C 

230.5-233.0 
(70.2-71.0) 

Anderson 

D186455 

HWC-27 

C 

233.0-259.2 
(71.0-79-0) 

Anderson 

D186456 

HWC-23 

H 

138. 0-166. 7 
(42.1-50.8) 

Anderson 

D186443 

HWC-21 

A 

114.0-116.5 
(34.8-35.5) 

Anderson 

D186444 

HWC-21 

A 

116.5-141 .0 
(35.5-43.0) 

Anderson 

D186445 

HWC-20 

K 

93.4-119.5 
(28.5-36.4) 

Anderson 

D186446 

HWC-20 

K 

120.5-122.0 
(36.7-37.2) 

Anderson 

D186448 

HWC-25 

L 

73.0-75.5 
(22.3-23.0) 

Anderson 

D186449 

HWC-25 

L 

75-5-106.0 
(23.0-32.3) 

Anderson 

D186450 

HWC-25 

L 

165. 5-176. 6 
(50.4-53-8) 

Dietz 
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Table  5. — Proximate  and  ultimate  analyses,  heat—content ,  f orms-of-sulfur ,  f ree-swelling-lndex  and  ash  fusion 
temperature  determinations  for  13  coal  samples  from  Hanging  Woman  Creek  study  area,  Big  Horn  County,  Montana. 

[All  analyses  except  heat  content,  free-swelling-index  and  ash  fusion  temperatures  in  percent.   For  each 
sample  number,  the  analyses  are  reported  three  ways;  first,  as  received,  second,  moisture  free,  and  third, 
moisture  and  ash  free.   All  analyses  by  Coal  Analysis  Section,  U.S.  Bureau  of  Mines,  Pittsburgh,  Pa.   °C  = 
(°F-32)  5/9.   Leaders  ( )  indicate  no  data.] 


Sample 
number 


Proximate  Analysis 


Volatile   Fixed 
Moisture   matter    carbon   Ash 


Ultimate  Analysis 


Heat  Content 


Hydrogen   Carbon   Nitrogen   Oxygen   Sulfur Kcal/kg    Btu/lb, 


D186451 


D186452 


D186453 


D186454 


D186455 


D186456 


D186443 


D186444 


D186445 


D186446 


D186448 


D186449 


D186450 


27.7 


29.5 


27.0 


27.9 


28.8 


27.4 


26.7 


27.9 


27.5 


23.3 


29.8 


29.9 


28.6 


30.9 

34.2 

7.2 

42.7 

47.3 

10.0 

47.5 

52.5 



29.3 

34.8 

6.4 

41.6 

49.4 

9.1 

45.7 

54.3 



28.1 

36.3 

8.6 

38.5 

49.7 

11.8 

43.6 

56.4 



27.6 

40.5 

4.0 

38.3 

56.2 

5.5 

40.5 

59.5 



28.7 

38.8 

3.7 

40.3 

54.5 

5.2 

42.5 

57.5 



29.8 

37.3 

5.5 

41.0 

51.4 

7.6 

44.4 

55.6 



28.4 

38.8 

6.1 

38.7 

52.9 

8.3 

42.3 

57.7 



28.6 

38.2 

5.3 

39.7 

53.0 

7.4 

42.8 

57.2 



29.7 

38.3 

4.5 

41.0 

52.8 

6.2 

43.7 

56.3 



26.9 

26.3 

23.5 

35.1 

34.3 

30.6 

50.6 

49.4 



28.0 

37.0 

5.2 

39.9 

52.7 

7.4 

43.1 

56.9 



29.3 

35.7 

5.1 

41.8 

50.9 

7.3 

45.1 

54.9 



29.0 

35.5 

6.9 

40.6 

49.7 

9.7 

45.0 

55.0 



6.5 
4.7 
5.3 


6.4 
4.6 
4.8 

6.6 

4.8 
5.0 


6.3 

4.4 
4.8 

6.5 

4.8 
5.1 

5.5 
3.8 
5.5 

6.4 
4.4 
4.8 


7 


47.9 

1.1 

35.6 

1.7 

66.3 

1.5 

15.2 

2.4 

73.6 

1.7 

16.9 

2.6 

47.4 

1.2 

38.0 

.6 

67.2 

1.7 

16.7 

.9 

73.9 

1.9 

18.4 

.9 

47.5 

1.2 

35.6 

.9 

65.1 

1.6 

15.9 

1.2 

73.8 

1.9 

18.0 

1.4 

50.9 

]  .0 

37.5 

.3 

70.6 

1.4 

17.6 

.4 

74.7 

1.5 

18.6 

.4 

50.2 

1.1 

38.2 

.2 

70.5 

1.5 

17.7 

.3 

74.4 

1.6 

18.7 

.3 

49.8 

1.0 

36.6 

.5 

68.6 

1.4 

16.9 

.7 

74.2 

1.5 

18.2 

.7 

50.5 

1.1 

35.7 

.3 

68.9 

1.5 

16.3 

.4 

75.1 

1.6 

17.8 

.4 

50.0 

1.0 

36.9 

.4 

69.3 

1.4 

16.8 

.6 

74.9 

1.5 

18.1 

.6 

50.8 

1.0 

36.9 

.3 

70.1 

1.4 

17.2 

.4 

74.7 

1.5 

18.3 

.4 

36.3 

.7 

29.4 

4.5 

47.3 

.9 

11.3 

5.9 

68.2 

1.3 

16.3 

8.5 

48.8 

.9 

38.5 

.3 

69.5 

1.3 

17.1 

.4 

75.1 

1.4 

18.5 

.5 

48.3 

1.0 

38.3 

.7 

68.9 

1.4 

16.7 

1.0 

74.3 

1.5 

18.0 

1.1 

48.2 

1.0 

36.9 

.6 

67.5 

1.4 

16.1 

.8 

74.7 

1.6 

17.8 

.9 

4,650 


8,370 


6 

430 

11 

570 

7 

140 

12 

860 

4 

570 

8 

230 

6 

490 

11 

680 

7 

130 

12 

840 

4 

560 

8 

210 

6 

250 

11 

250 

7 

090 

12 

750 

4 

820 

8 

670 

6 

680 

12 

030 

7 

070 

12 

730 

4 

810 

8 

660 

6 

760 

12 

170 

7 

130 

12 

840 

4 

790 

8 

620 

6 

600 

11 

870 

7 

140 

12 

850 

4 

780 

8 

610 

6 

530 

11 

740 

7 

120 

12 

810 

4 

740 

8 

540 

6 

580 

11 

840 

7 

100 

12 

790 

4 

840 

8 

720 

6 

680 

12 

040 

7 

120 

12 

820 

3 

600 

6 

480 

4 

690 

8 

440 

6 

760 

12 

180 

4 

600 

8 

290 

6 

560 

11 

810 

7 

080 

12 

750 

4 

650 

8 

370 

6 

630 

11 

940 

7 

150 

12 

880 

4 

610 

8 

300 

6 

460 

11 

620 

7 

150 

12 

870 

38 


Table  5. — Proximate  and  ultimate  analyses,  heat  content,  forms-of-sulf ur ,  free-swelling-index  and 
ash  fusion  temperature  determinations  for  13  coal  samples  from  Hanging  Woman  Creek  study  area, 
Big  Horn  County,  Montana. — Continued. 

Forms  of  Sulfur  Ash  fusion  temperature  C 

Sample        Air-dried  Free      Initial 

number loss Sulfate Pyritic Organic   swelling deform. soften fluid 

D186451          19.8       0.01       0.55       1.19  0.0       1,100      1,150      1,215 


D186452  20.9        .01  .18  .44        .0       1,125      1,175      1,225 

.01  .18  .62 
.02  .28  .69 

D186453  19.2        .02  .28  .59        .0       1,125      1,180      1,240 

.03  .38  .81 

.03  .43  .92 

D186454  20.0        .01  .14  .13        .0       1,115      1,170      1,215 

D186455  21.9        .01  .08  .13        .0       1,100      1,155      1,210 

.01  .11  .18 

.01  .12  .19 

D186456  18.6        .01  .22  .28        .0       1,100      1,155      1,205 

.01  .30  .39 

.01  .33  .42 

D186443  18.7        .01  .20  .07        .0       1,125      1,175      1,235 


0.01 

0.55 

1.19 

.01 

.76 

1.65 

.02 

.84 

1.83 

.01 

.18 

.44 

.01 

.18 

.62 

.02 

.28 

.69 

.02 

.28 

.59 

.03 

.38 

.81 

.03 

.43 

.92 

.01 

.14 

.13 

.01 

.19 

.18 

.01 

.21 

.19 

.01 

.08 

.13 

.01 

.11 

.18 

.01 

.12 

.19 

.01 

.22 

.28 

.01 

.30 

.39 

.01 

.33 

.42 

.01 

.20 

.07 

.01 

.27 

.10 

.01 

.30 

.10 

.02 

.20 

.19 

.03 

.28 

.26 

.03 

.30 

.28 

.01 

.13 

.20 

.01 

.18 

.28 

.01 

.19 

.29 

.02 

3.12 

1.40 

.03 

4.07 

1.83 

.04 

5.86 

2.63 

.01 

.14 

.12 

.01 

.20 

.17 

.02 

.22 

.18 

.01 

.25 

.44 

.01 

.36 

.63 

.02 

.38 

.68 

.01 

.20 

.37 

.01 

.28 

.52 

.02 

.31 

.57 

D186444  18.4        .02        .20        .19        .0       1,085      1,145      1,195 


D186445  19.0        .01        .13        .20        .0       1,125      1,175      1,230 


D-186446         17.3        .02       3.12       1.40        .0       1,070      1,125      1,180 


D186448  20.9        .01        .14        .12        .0       1,150      1,205      1,270 


D186449  21.3        .01        .25        .44        .0       1,170      1,225      1,290 


D186450  20.6        .01        .20        .37        .0       1,100      1,155      1,205 
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Table  9.   Elements  looked  fox,  but  not  detected  in  Hanging  Woman  Creek 
study  area  coal  samples. 

[Approximate  lower  detection  limits  for  these  elements  in  coal  ash,  by 
the  six-step  spectrograph! c  method  of  the  U.S.  Geological  Survey, 
are  i  ncl uded . ] 


E 1 emen t 


Lower  limit  of  detection  (ppm) 
in  coal  ash 


Au  50 

Bi  20 

Dy  100 

Er  100 

Eu  200 

Gd  100 

Hf  200 

Ho  50 

In  20 

Lu  70 

Nd  150 

Pd  5 

Pr  200 

Pt  100 

Re  100 

Sm  200 

Sn  20 

Ta  1,000 

Tb  700 

Te  5,000 

Tl  100 

Tm  50 

W  200 
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Table  10. — Arithmetic  mean,  observed  range,  geometric  mean,  and  geometric  deviation  of 
proximate  and  ultimate  analyses,  heat  content,  f orms-of-sulf ur  and  ash  fusion 
temperatures  for  13  coal  samples  from  the  Hanging  Woman  Creek  study  area,  Big 
Horn  County,  Montana.   For  comparison,  geometric  means  from  33  Powder  River 
region,  Wyoming  coal  samples  (Swanson  and  others,  1976,  Tables  31b  and  32b) 
are  included. 

[All  values  are  in  percent  except  Kcal/kg,  Btu/lb  and  ash  fusion  temperatures  and  are 
reported  on  the  as-received  basis.   °C  =  (°F-32)  5/9.   Leaders  ( — )  indicate  no 
data. ] 


Observed  range 

Arithmetic    Geometric. 

mean       minumum   maximum      mean 


Powder  River 
Geometric  Region,  Wyo. 
deviation   geometric  mean 


Proximate  and  ultimate  analyses 


Moisture 

27.9 

23.3 

29.9 

27.8 

1.1 

Volatile 

28.8 

26.9 

30.9 

28.8 

1.0 

matter 

Fixed 

36.3 

26.3 

40.5 

36.1 

1.1 

carbon 

Ash 

6.9 

3.7 

23.5 

6.2 

1.6 

Hydrogen 

6.4 

5.5 

6.7 

6.3 

1.1 

Carbon 

48.2 

36.3 

50.9 

48.0 

1.1 

Nitrogen 

1.0 

.7 

1.2 

1.0 

1.2 

Oxygen 

36.5 

29.4 

38.5 

36.4 

1.1 

Sulfur 

.8 

.2 

4.5 

.6 

2.3 

23.1 
32.0 

36.0 

7.5 
6.2 

50.3 
.9 

32.9 


Heat  content 


Kcal/kg 

4,620 

3,600 

4,850 

4,610 

Btu/lb 

8,310 

6,480 

8,720 

8,290 

1.1 


4,860 
8,740 


Forms-of -sulfur 


Sulfate 

0.01 

0.01 

0.02 

0.01 

1.4 

Pyrite 

.35 

.08 

3.1 

.24 

2.5 

Organic 

.43 

.07 

1.4 

.29 

2.5 

0.02 
.29 
.31 


Ash  fusion  temperature  °C 


Initial 

1,114 

eformation 

Softening 

1,169 

amperature 

^luid 

1,224 

"ature 

1,068  1,168  1,114 


1,124  1,227  1,169 


1,179  1,291  1,223 


1.0 


1.0 


1.0 
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Table  11. — Arithmetic  mean,  observed  range,  geometric  mean,  and  geometric  deviation 
of  ash  content  and  contents  of  nine  major  and  minor  oxides  in  the  laboratory  ash 
of  13  coal  samples  from  the  Hanging  Woman  Creek  study  area,  Big  Horn  County, 
Montana.   For  comparison,  geometric  means  for  410  Powder  River  region  coal  samples 
are  listed  (Hatch  and  Swanson,  1977,  Table  6a). 

[All  samples  were  ashed  at  525°C;  all  analyses  are  in  percent.] 


Observed  range 


Arithmetic 

Geometric 

Geomet: 

Oxide 

mean 

m  in  imum 

maximum 

mean 

deviat: 

(Ash) 

7.9 

4.5 

25.1 

7.2 

1.5 

Si02 

29 

17 

39 

28 

1.3 

A1203 

11 

8.3 

15 

11 

1.2 

CaO 

19 

5 

26 

18 

1.5 

MgO 

4.8 

1.7 

7.6 

4.4 

1.5 

Na20 

5.3 

.73 

7.5 

4.2 

2.0 

K20 

.58 

.20 

1.6 

.46 

2.0 

Fe2°3 

9.9 

3.4 

27 

8.3 

1.8 

Ti02 

1.2 

.6 

2.0 

1.1 

1.4 

S0o 

18 

8.9 

25 

17 

1.4 

Powder  River  region 
geometric  mean 


9.0 
28 
14 
15 
3.6 
.93 
.28 
5.8 
.61 
14 


kl 


Table  12. — Arithmetic  mean,  observed  range,  geometric  mean  and  geometric  deviation  of 
28  elements  in  13  coal  samples  from  the  Hanging  Woman  Creek  study  area,  Big  Horn 
County,  Montana.   For  comparison,  geometric  means  for  410  Powder  River  region  coal 
samples  are  listed  (Hatch  and  Swanson^  1977,  Table  6b) 

[All  analyses  are  in  parts  per  million  and  are  reported  on  a  whole-coal  basis.   As, 
Co,  Cr,  F,  Hg,  Sb,  Se,  Th  and  U  values  used  to  calculate  the  statistics  were 
determined  directly  on  whole  coal.   All  other  values  used  were  calculated  from 
determinations  made  on  coal  ash.   L,  less  than  the  value  shown] 


Arithmetic 

Observed 

range 

Geometric 

Geometric 

Powder  River 

region 

Element 

mean 

minimum 

maximum 

mean 

deviation 

geometric  mean 

As 

5.6 

0.4 

39 

2.1 

4.3 

2 

B 

50 

30 

70 

50 

1.3 

50 

Ba 

300 

100 

500 

300 

1.7 

'300 

Be 

.7 

.15L 

1.5 

.5 

2.0 

.5 

Cd 

.1 

,04L 

.25 

.09 

1.7 

.04 

Co 

1.8 

.5L 

5.2 

1.3 

2.2 

2 

Cr 

4.8 

1.9 

27 

3.8 

2.0 

5 

Cu 

13 

5.0 

42 

11 

1.7 

9.5 

F 

46 

30 

115 

43 

1.5 

40 

Ga 

2 

.7 

7 

1.5 

2.1 

2 

Hg 

.06 

.01 

.8 

.05 

2.1 

.08 

Li 

2.6 

1.1 

12 

2.2 

1.9 

3.9 

Mn 

16 

9.0 

44 

14 

1.6 

34 

Mo 

1 

.3 

3 

1 

1.9 

1.5 

Nb 

2 

1L 

3 

1.5 

1.5 

1 

Ni 

5 

1 

15 

3 

2.5 

3 

Pb 

3.5 

1.4L 

6.3 

3.2 

1.6 

5.1 

Sb 

.4 

.1 

3.1 

.2 

3.0 

.4 

Sc 

2 

.7 

7 

1.5 

1.9 

1.5 

Se 

.6 

•  1L 

.9 

.5 

1.6 

.7 

Sr 

200 

100 

500 

200 

1.4 

150 

Th 

1.1 

.6 

3.3 

1.0 

1.6 

3.3 

U 

1.2 

.2L 

4.6 

.9 

2.1 

.6 

V 

15 

5 

30 

10 

1.9 

10 

Y 

5 

2 

10 

5 

1.7 

3 

Yb 

.5 

.2 

1 

.5 

1.7 

.3 

Zn 

10 

2.7 

34 

8.1 

2.0 

13 

Zr  . 

15 

7 

30 

10 

1.6 

15 

<*8 


Eight  analyses  (as  received  basis)  of  the  Anderson  coal  (Table  5), 
excluding  the  analysis  of  the  coal  below  the  parting  in  hole  HWC-20 
( D 1 86^46 ) ,  show  that  its  ash  contents  range  from  3-7  to  6.1  percent, 
averaging  k.S    percent;  its  sulfur  contents  range  from  0.2  to  0.7  percent, 
averaging  0.4  percent;  and  its  heat  content  ranges  from  4,600  to  4,800 
Kcal/kg  (8,290  to  8,720  Btu/lb)  averaging  4,750  Kcal/kg  (8,540  Btu/lb). 
The  coal  below  the  parting  in  HWC-20  (locality  L)  has  a  high  ash  and  sulfur 
content  (D186446),  and  presumably  would  not  be  mined  with  the  coal  above 
the  parting.   The  one  analysis  of  the  Dietz  bed  (D186450)  shows  that  its 
ash  content  is  6. 4  percent,  its  sulfur  content  is  0.6  percent  and  its 
heating  value  is  4,610  Kcal/kg  (8,300  Btu/lb). 

The  analyses  of  all  13  coal  samples  show  that  the  apparent  rank  of 
all  coal  sampled  is  sub-bituminous  C,  as  calculated  according  to  ASTM 
designation  D-388-77  (ASTM,  1977).   In  Table  10,  the  geometric  mean  of 
the  13  chemical  analyses  are  compared  with  the  geometric  mean  of  analyses 
of  33  coal  samples  from  other  areas  in  the  Powder  River  region,  as  listed 
in  Swanson  and  others  (1976).   Note  that  the  arithmetic  mean  of  the  13 
coal  samples  can  be  misleading  because  analyses  of  thin  beds  with  high 
ash  and  sulfur  contents  are   averaged  with  thick  beds  with  low  ash  and 
sulfur  contents.   A  comparison  of  the  geometric  means  shows  no  significant 
statistical  difference  (student's  t_  test,  95%  confidence  level)  between 
the  coal  samples  in  the  Hanging  Woman  Creek  study  area,  and  the  33  samples 
from  the  Powder  River  region. 

In  Table  11,  the  geometric  mean  of  the  contents  of  nine  major  and 
minor  oxides  in  the  laboratory  ash  of  13  coal  samples  are  compared  with 
the  geometric  mean  of  these  oxides  in  410  Powder  River  region  samples. 
The  values  are  similar  (student's  t_  test,  95%  confidence  level)  except 
for  the  contents  of  Na20  and  T j O2  which  are  significantly  higher  and 
A^O?  which  is  significantly  lower  in  the  Hanging  Woman  Creek  samples.   At 
the  99%  confidence  level,  only  Na20  and  T  i  O2  contents  are  significantly 
d  if ferent . 

In  Table  12,  the  geometric  mean  of  the  content  of  28  elements  in  the 
13  coal  samples  are    compared  with  the  geometric  mean  of  these  elements  in 
410  Powder  River  basin  samples.   The  contents  for  most  elements  are 
similar  (student's  t  test,  95%  confidence  level)  except  for  the  contents 
of  Cd,  Y,  and  Yb  which  are  significantly  higher  and  the  contents  of  Co, 
Hg,  Li,  Mn,  Pb,  Th ,  and  Zn  which  are  significantly  lower  in  the  Hanging 
Woman  Creek  samples.   At  the  99%  confidence  level,  only  Cd ,  Mn ,  Th ,  and 
Zn  are  significantly  different. 

As  indicated  by  the  statistics,  coal  from  the  Hanging  Woman  Creek 
study  area    is  similar  in  chemical  composition  to  other  coals  in  the  Powder 
River  region.   Powder  River  region  coals  are   characterized  by  low  ash, 
low  sulfur,  relatively  low  heat  and  high  moisture  contents.   The  contents 
of  elements  of  environmental  concern  (As,  Be,  Cd ,  Hg ,  Mo,  Sb,  Se ,  etc.) 
in  Powder  River  region  coal  are  generally  low  when  compared  to  contents 
in  Interior  province  coal  (Hatch  and  Swanson,  1977)-   Powder  River  region 
coals  are  or  will  be  used  in  coal-fired  power  generating  or  coal 
gasification  plants. 
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Explanation  of  Statistical  Terms  used  in  Summary  Tables 

In  this  report  the  geometric  mean  (GM)  is  used  as  the  estimate  of 
the  most  probable  concentration  (mode);  the  geometric  mean  is  calculated 
by  taking  the  logarithm  of  each  analytical  value,  summing  the  logarithms, 
dividing  the  sum  by  the  total  number  of  values  and  obtaining  the 
ant i logar i thms  of  the  result.   The  measure  of  scatter  about  the  mode  used 
here  is  the  geometric  deviation  (GD)  which  is  the  antilog  of  the  standard 
deviation  of  the  logarithms  of  the  analytical  values.   These  statistics 
are  used  because  of  the  common  tendency  for  the  amounts  of  trace  elements 
in  natural  materials  to  exhibit  positively  skewed  frequency  distributions; 
these  distributions  are   normalized  by  analyzing  and  summarizing  trace 
element  data  on  a  logarithmic  basis. 

If  the  frequency  distributions  are  lognormal,  the  geometric  mean  is 
the  best  estimate  of  the  mode,  and  the  estimated  range  of  the  central 
two-thirds  of  the  observed  distribution  has  a  lower  limit  equal  to  GM/GD 
and  an  upper  limit  equal  to  GM-GD.   The  estimated  range  of  the  central 
95%  of  the  observed  distribution  has  a  lower  limit  equal  to  GS/(GD)^  and 
an  upper  limit  equal  to  GM-(GD)2  (Connor  and  others,  1976). 

Although  the  geometric  mean  is,  in  general,  an  adequate  estimate  of 
the  most  common  analytical  value,  it  is,  nevertheless,  a  biased  estimate 
of  the  arithmetic  mean.  In  the  summary  tables  of  data,  the  estimates  of 
the  arithmetic  means  are   Sichel's  t_   statistic  (Miesch,  1967). 

A  common  problem  in  statistical  summaries  of  trace  element  data  arises 
when  the  element  content  in  one  or  more  of  the  samples  is  below  the  limit 
of  analytical  detection.   This  results  in  a  "censored"  distribution. 
Procedures  developed  by  Cohen  (1959)  were  used  to  compute  unbiased  estimates 
of  the  geometric  mean,  geometric  deviation,  and  arithmetic  mean  where  the 
data  are  censored. 

Estimation  and  Classification  of  Coal  Resources 

In  preparing  the  coal  resource  estimates  for  the  Hanging  Woman  Creek 
study  area,  the  procedures  and  definitions  used  are    those  of  the  Coal 
Resources  Classification  System  of  the  U.S.  Bureau  of  Mines  and  the  U.S. 
Geological  Survey,  which  is  published  as  U.S.  Geological  Survey  Bulletin 
1 450-B .   As  used  herein,  the  term  "coal  resources"  designates  the  estimated 
quantity  of  coal  in  the  ground  in  such  form  that  economic  extraction  is 
currently  or  potentially  feasible.   Identified  Resources  are  specific 
bodies  of  coal  whose  location,  rank,  quality,  and  quantity  are   known  from 
geologic  evidence  supported  by  engineering  measurements. 

Tabulation  of  Coal  Resources 

Table  13  summarizes  that  part  of  the  Identified  coal  resources  in  the 
study  area  that  have  potential  for  recovery  by  surface  mining  methods, 
which  in  this  area  is  assumed  to  be  coal  within  200  feet  (60  m)  of  the 
surface.   As  such,  these  coal  resources  fall  into  a  category  called 
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Reserve  Base,  which  is  defined_as  that  part  of  Identified  Coal  Resource 
from  which  Reserves  are  calculated.   Reserves  are  the  actual  amount  of 
coal  that  can  be  economically  recovered  from  this  deposit  at  this  time 
considering  all  legal,  technological,  and  environmental  restraints  and 
are  calculated  by  applying  a  percent  Recovery  Factor  to  Reserve  Base. 
This  Recovery  Factor  takes  into  account  all  coal  remaining  in  the  ground 
after  mining  is  completed  -  considered  to  be  "lost  in  mining"  -  and 
includes  all  coal  (1)  left  unmined  beneath  rivers,  lakes,  highways,  and 
legal  reservations,  (2)  left  unmined  adjacent  to  mine  or  property 
boundaries,  or  (3)  left  unmined  because  of  environmental,  quality,  safety, 
hydrologic  or  legal  restrictions.   In  the  United  States,  the  Recovery 
Factor  for  surface  mining  methods  locally  exceeds  90%.   No  Recovery  Factor 
was  applied  to  the  Reserve  Base  coal  in  this  area    because  of  the  many 
uncertainties  about  legal  and  other  restrictions  on  surface  mining. 

Table  13-   Estimated  resources  of  surface-mi nabl e  coal  in  the  Anderson 
and  Dietz  coal  beds,  Hanging  Woman  Creek  study  area,    Big  Horn  County, 
Montana. 

[In  millions  of  short  tons.   1  short  ton  =  0.907  metric  tons.   1  foot 

=  0.305  m.] 


Overburden 

thickness     Measured      Indicated  Inferred  Total 

(in  feet ) 

Anderson  coal  bed 

0-100       A0 . 3A         97-31  0.64  138.29 

100-200        27.11         136.96  75-76  239.83 

Total         67.^5         234.27  76.40  378.12 


Dietz  coal  bed 

0-200-!/ 

10.56 

37.04 

7.75 

55-35 

Grand  Total 

78.01 

271.31 

84.15 

433.47 

1/  Almost  everywhere  the  overburden  above  the  Dietz  bed 

includes  the  Anderson  coal  bed,  which  is  50-100  feet  above. 

Characteristics  Used  in  Resource  Evaluation 

The  characteristics  used  in  evaluating  resources  can  be  divided  into 
two  main  classes:   (1)  those  that  affect  the  economic  feasibility  of 
recovery  and  utilization  of  coal,  and  (2)  those  that  characterize  the 
coal  resources  according  to  the  degree  of  geologic  assurance  that  the  coal 
resources  exist  in  the  amount  stated.   Characteristics  affecting  the 
economic  feasibility  of  recovery  and  utilization  of  the  coal  include  such 
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factors  as  rank,  grade,  and  density  of  the  coal,  and  the  depth  and 
thickness  of  the  bed.   The  rank  and  the  grade  of  the  coal  in  this  area  have 
been  discussed  previously. 

Densi  ty 

The  density  of  the  coal,  or  weight  per  unit  volume,  varies  considerably 
with  differences  in  rank  and  ash  content.   In  areas  such  as  the  Hanging 
Woman  Creek  study  area,    where  the  density  or  specific  gravity  of  the 
coals  have  not  been  determined,  an  average  density  or  specific  gravity 
based  on  determinations  from  other  areas  is  used.   For  sub-bituminous 
coal,  the  average  density  is  taken  as  1,770  short  tons  per  acre-foot, 
and  the  average  specific  gravity  is  1.30. 

Thickness  of  Coal  Beds 

Because  the  thickness  of  coal  beds  is  an  important  factor  in 
determining  the  economic  feasibility  of  recovery,  most  coal  resource 
estimates  prepared  by  the  U.S.  Geological  Survey  are  tabulated  according 
to  three  thickness  categories.   For  sub-bituminous  coal  the  categories 
are  (1)  thin,  2.5  to  5  feet  (.75  to  1.5  m) ,  (2)  intermediate  -  5  to  1 0 
feet  (1-5  to  3m),  and  (3)  thick  -  more  than  10  feet  (3  m) .   In  the 
study  area,  all  of  resources  tabulated  in  the  Anderson  coal  bed  are  in 
the  thick  category,  and  the  resources  for  the  Dietz  coal  bed  are  both 
intermediate  and  thick  (Figure  17). 

The  data  on  the  thickness  of  the  coal  beds  in  the  study  area   are 
from  holes  drilled  by  the  Montana  Bureau  of  Mines  and  Geology  (see 
Figure  18),  and  from  gamma  ray  logs  of  oil  and  gas  test  holes  in  and  near 
the  study  area.   The  thicknesses  of  coal  interpreted  from  these  data  are 
judged  to  be  accurate  within  1  foot  (0.3  m) . 

Depth  of  Coal  Bed 

Coal  resources  are   commonly  divided  into  categories  based  on  the 
depth  of  the  coal  bed,  as  follows:   0-1,000  feet  (0-300  m) ,  1,000-2,000 
feet  (300-600  m) ,  2,000-3,000  feet  (600-900  m)  and  3,000-6,000  feet 
(900-1,800  m) .   Additional  categories  of  depth  for  coal  resources  that  can 
be  recovered  by  surface  mining  methods  are    not  standardized,  because  of 
the  many  factors  that  affect  the  amount  of  overburden  that  can  be 
economically  removed  from  a  coal  deposit.   In  this  area    it  is  assumed 
that  coal  beds  to  a  depth  of  200  feet  (60  m)  can  be  economically  mined 
by  surface-mining  methods. 

Resource  Categories  According  to  Degree  of  Geologic  Assurance 

The  coal  resources  tabulated  for  the  study  area  are  all  in  the 
Identified  category  of  geologic  assurance,  and  are  further  subdivided 
into  Measured,  Indicated,  and  Inferred  categories  based  on  the  nearness 
of  the  coal  to  a  measurement  of  the  coal  bed,  and  on  geologic  evidence 
and  projection. 
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Measured.  -  Coal  for  which  estimates  of  the  rank,  quality,  and 
quantity  have~"been  computed,  within  a  margin  of 
error  of  less  than  20  percent,  from  sample  analyses 
and  measurements  from  closely  spaced  and  geologically 
well-known  sample  sites.   In  this  area,  Measured  coal 
is  within  \/k   mile  {O.k    km)  of  a  measurement  in  a 
drill  hole. 

Indicated.  -  Coal  for  which  estimates  of  the  rank,  quality,  and 

quantity  have  been  computed  partly  from  sample  analyses 
and  measurements  and  partly  from  reasonable  geologic 
projections.   In  this  area,  Indicated  coal  is  the 
body  of  coal  whose  inner  limit  is  \/k   mile  from  a 
measurement  in  a  drill  hole,  and  whose  outer  limit  is 
3/k   mile  (1.2  km)  from  the  measurement. 

Inferred.  -  Coal  in  unexplored  extensions  of  Indicated  Resources 
for  which  estimates  of  the  quality  and  size  are    based 
on  geologic  evidence  and  projection.   In  this  area, 
Inferred  coal  lies  more  than  }>fk   mile  (1.2  km)  from 
a  measurement  in  a  drill  hole,  but  not  more  than 
3  mi les  (4.8  km) . 

Summary  of  Coal  Resources 

The  Anderson  coal  bed  contains  estimated  resources  of  378  million 
short  tons  (3^3  million  metric  tons)  of  sub-bituminous  C  coal  in  an  area 
of  about  7200  acres  (11.2  sq  mi  or  29  sq  km),  where  the  coal  bed  is  at  a 
depth  of  less  than  200  feet  (60  m) ,  and  is  26  to  33  feet  (7-9  to  10.1  m) 
thick  (Table  k   and  Figure  16).   Of  this  amount,  138  million  tons  (125 
million  metric  tons)  is  at  a  depth  of  less  than  100  feet  (30  m) .   Most  of 
these  resources,  78%,  are  in  the  Measured  and  Indicated  categories;  the 
remainder  is  in  the  Inferred.   About  23%  of  the  total  resources  lie 
southeast  of  the  main  fault  where  the  coal  is  more  than  100  feet  (30  m) 
deep  and  therefore  less  favorable  for  economic  recovery. 

The  Dietz  coal  bed  contains  estimated  resources  of  55  million  short 
tons  (50  million  metric  tons)  of  sub-bituminous  C  coal  where  it  is  less 
than  200  feet  (60  m)  deep  (Table  5  and  Figure  17).   Of  this  amount,  861  is 
in  the  Measured  and  Indicated  categories  of  resources.   Because  it  is  50  to 
100  feet  (15  to  30  m)  below  the  Anderson  bed  and  is  9  to  12  feet  (2.7  to 
3-7  m)  thick  (Figures  17  and  18),  it  may  be  economically  recoverable  by 
surface-mining  methods. 

In  addition  to  depth  of  the  coal  bed,  another  device  that  is  used  to 
evaluate  a  surface-mi nabl e  deposit  of  coal  is  the  stripping  ratio,  which 
is  the  ratio  of  the  volume  of  overburden  removed  per  unit  weight  of  coal 
recovered,  usually  expressed  as  cubic  yards  of  overburden  per  short  ton 
of  coal.   In  the  study  area,  the  stripping  ratio  for  coal  in  the  Anderson 
bed  at  depths  less  than  100  feet  (30  m)  would  be  2  or  2.5  to  1,  depending 
on  the  recovery  factor  used;  for  Anderson  coal  at  depths  of  100-200  feet 
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(30-60  m)  it  would  be  about  5  to  1 .   Inasmuch  as  the  Dietz  coal  bed  cannot 
be  surface-mined  without  first  mining  the  Anderson  bed,  no  stripping  ratio 
is  calculated  for  the  Dietz  alone.   In  the  area  where  both  the  Anderson 
and  Dietz  are    less  than  200  feet  (60  m)  deep,  the  stripping  ratio  for  the 
combined  coal  beds  would  be  about  h    to  1 . 


5*» 


OVERBURDEN  CHEMISTRY  AND  MINERALOGY 
(modified  from  USGS  Open-File  Report  78-393) 


At  potential  coal  mine  sites  in  the  Fort  Union  Coal  region  (where 
surface  minable  coal  occurs  in  the  Fort  Union  Formation)  of  western 
North  America,  it  is  necessary  to  determine  whether  there  are  significant 
quantities  of  materials  in  the  overburden  rock  which,  after  disturbance 
and  replacement,  could  release  toxic  elements  to  plants,  grazing  animals, 
ground  water  or  surface  drainage.   This  study  has  two  goals;  first,  to 
characterize  the  chemical  and  mi neralog ical  composition  of  the  various 
types  of  rocks  which  overlie  the  coal  at  the  Hanging  Woman  Creek  study 
area  so  as  to  determine  whether  potentially  harmful  materials  are   present; 
the  second,  to  predict  the  intensity  of  sampling  needed  at  this  or  other 
similar  coal  mine  sites  to  estimate  with  acceptable  confidence  the 
likelihood  of  encountering  rocks  in  overburden  that  contain  these 
potentially  harmful  materials. 

Graphic  logs  of  the  strat igraphi c  columns  of  each  of  the  five  cored 
drill  holes  sampled  for  this  study  are  presented  in  Figure  20. 

For  a  discussion  of  areal  geology,  structure  and  stratigraphy  of  the 
Hanging  Woman  Creek  study  area,  see  Geology  and  Coal  Resources  Section. 

Graphic  strat i graph ic  sections  (Figure  20)  give  the  viewer  an 
impression  of  the  very  abrupt  and  complete  changeability  of  lithic  types 
over  very  short  vertical  distances  in  some  portions  of  the  section, 
contrasted  with  the  thick,  nearly  homogeneous  layers  of  both  sandstone 
and  finer-grained  rocks  present  in  other  parts  of  the  section.   An 
inspection  of  the  graphical  section  and  the  map  (Figure  15),  shows  that 
the  strata  at  the  Hanging  Woman  Creek  study  area,  except  for  the  coal 
itself  and  its  immediately  overlying  fine-grained  units,  do  not  have  great 
lateral  continuity,  and  that  there  is  considerable  lateral  thinning,  inter- 
fingering  and  termination  of  units  of  various  lithic  types.   The  somewhat 
greater  similarity  of  strat igraphic  sections  between  holes  21  and  27  than 
among  other  pairs  of  more  closely-spaced  holes,  suggests,  subject  to 
additional  evidence,  that  the  units  may  have  greater  lateral  continuity 
north  and  south  than  in  other  directions.   Holes  20,  21,  23,  25,  and  27 
correspond  to  holes  on  Figure  15  labelled  K,  A,  H,  L,  and  C,  respectively. 

Cores  (size  "NX")  from  the  five  holes,  drilled  through  all  overburden 
and  the  thick  Anderson  coal  (one  hole  drilled  deeper,  through  the  lower 
Dietz  coal),  ranged  in  length  from  130  to  260  feet  (hO    to  80  m) .   Holes 
were  spaced  so  that  the  minimum  and  maximum  distances  between  holes  was 
about  .62  and  2.5  miles  (1  and  k   km),  respectively. 

Sampling  Scheme  and  Sampling  Identification  Code 

Four  samples  of  each  of  three  rock  types  were  taken  from  four  of  the 
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holes,  and  some  "special"  samples  from  all  five  holes.   The  following  rock 
types  were  sampled: 

(1)  sandstone  (coded  "S") 

(2)  siltstone  and  shale  (finer  grained  rocks  coded  "T") 

(3)  very  dark  colored  or  black  shale  (coded  "H") 


This  classification  was  chosen  because  the  three  groups  were  expected  to 
be  chemically  and  mi nera log i ca 1 1 y  distinct.   Furthermore,  the  chemical 
and  minera log ica I  data  would  allow  an  assessment  of  the  ability  of 
geologists  to  assign  correct  rock  names  by  hand  specimen  examination  of 
rocks  from  what  is,  overall,  a  very  fine-grained,  inter-stratified  rock 
sequence.   We  assigned  names  on  the  basis  of  visual  inspection  of  the 
hand  specimens,  often  in  consultation  with  other  geologists  familiar  with 
these  sedimentary  rocks.   Footage  locations  for  sampling  the  three  rock 
types  were  chosen  randomly.   The  "special"  samples  were  taken  subjectively 
rather  than  at  random,  and  more  were  taken  from  some  holes  than  from  others 

All  samples  are  code- label  led  HWC ,  meaning  Hanging  Woman  Creek, 
followed  by  four  more  characters:   the  first  two  identify  the  drill  hole 
number  (20,  21,  23,  25,  or  27),  the  next  indicate  the  sample  type  (S  for 
sandstone,  T  for  siltstone  and  shale,  H  for  dark  shale,  and  0  or  1  for 
"specials"),  and  last  the  sequence  number  of  that  type  in  each  hole.   Thus, 
HWC  21H3  is  the  third  dark  shale  sample  from  hole  21.   An  "x"  at  the  very 
end  means  the  sample  is  the  analytical  duplicate  (split)  of  the  sample 
otherwise  coded  the  same. 

The  detail  of  illustration  in  the  strat igraph ic  sections  is  such  that 

the  lithic  type  of  each  sample,  marked  by  its  location  along  the  margin  of 

the  respective  section,  coincides  plausibly  with  the  lithic  type  symbolized 
in  the  illustration,  whether  drawn  as  a  pure  or  mixed  type. 

Chemical  and  Mineralog i cal  Analyses 

Samples  were  analyzed  in  the  analytical  laboratories  of  the  U.S. 
Geological  Survey  in  Lakewood,  Colorado.   The  rocks  were  ground  to  finer 
than  100  mesh  in  a  ceramic  mill  by  R.  E.  McGregor.   Samples  were  analyzed 
by  emission  spect rography  for  Ag ,  As,  B,  Ba ,  Be,  Cd ,  Ce,  Co,  Cr,  Cu,  Ga, 
La,  Mo,  Ni,  Pb,  Sc,  Sn,  Sr,  V,  Y.  Yb,  Zn,  and  Zr  by  K.  E.  Horan;  the  atomic 
absorption  for  Mg  and  Na  by  V.  Merritt  and  for  Li  and  Zn  by  J.  G.  Crock; 
by  delayed  neutron  activation  for  U  and  Th  by  H.  T.  Millard,  Jr.,  C.  L. 
Shields,  C.  M.  Ellis,  R.  L.  Nelms,  and  C.  A.  Ramsey;  by  x-ray  fluorescence 
for  Al ,  S,  Ca,  Si,  Fe,  K,  Mn,  and  Ti,  and  for  Sn ,  Ge,  As,  and  Se  (sulfide 
method),  by  J.  S.  Wahlberg,  W.  J.  Wa 1 z ,  J.  W.  Baker,  and  M.  L.  Tuttle; 
by  gravimetry  for  ash  content  (525  degrees)  by  G.  D.  Shipley;  by  combustion- 
thermal  -conduct iv i ty  detection  for  total  C,  by  gasometry  for  carbonate  C, 
and  by  difference  for  organic  C  by  P.  H.  Briggs;  by  wet  oxidation  plus 
atomic  absorption  for  Hg  by  J.  A.  Thomas;  and  by  meter  for  pH  by  G.  0. 
Riddle. 
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For  x-ray  determi nat ion ,_the  samples  were  further  hand-ground  in 
an  agate  motar,  and  the  mineral  composition  was  quantitatively  determined 
by  M.  P.  Pantea,  using  a  load-packing  technique  and  a  computer  method 
developed  by  L.  G.  Schultz  to  convert  peak  area  to  mineral  concentration. 

All  samples  were  analyzed  in  a  random  order  to  neutralize  effects 
of  any  systematic  changes  in  the  analytical  methods. 

Resul ts 

Chemical  and  mi nera log ica 1  data  are    presented  in  a  summarized  graphica 
form  in  Figures  21  and  22,  respectively.   I n  these  logar i thmical ly  scaled 
plots,  an  average  value  (geometric  mean  for  chemistry  and  arithmetic  mean 
for  mineralogy)  is  shown  for  each  parameter  for  each  of  the  three  rock 
types.   For  the  chemical  data  (Figure  21)  bars  extend  to  higher  and  lower 
values  from  the  central  average  to  show  the  range  of  concentration  within 
which  19  of  20  samples  from  the  same  rock  type  could  be  expected  to  fall: 
this  range  was  calculated  from  the  amount  of  observed  variance  from  the 
average.   For  the  mineral  data,  the  bars  represent  observed  ranges. 

A  full  tabulation  of  the  chemical  and  mi neralog i cal  data  for  each  of 
the  108  samples  {2k    sandstone,  2k   siltstone  or  shale,  23  dark  shale,  37 
special  samples)  is  given  in  Appendix  C. 

The  chemical  and  mineral  data  were  subjected  to  analysis  of  variance 
in  order  to  determine  whether  the  largest  part  of  the  variation  in  the 
data  is  due  to:   (1)  the  distance  between  the  drill  holes  from  which  the 
samples  were  taken;  (2)  distance  between  samples  within  the  drill  holes; 
or  (3)  to  analytical  error  in  the  laboratory.   This  analysis  of  variance 
was  done  to  estimate  how  many  drill  holes  and  samples  for  analysis  would 
be  necessary  for  similar  studies  in  the  future.   For  example,  if  only  a 
small  amount  of  the  total  variance  in  the  data  reflects  variation  among 
the  five  cored  holes  from  which  the  samples  are    taken  (that  is,  if  samples 
from  all  holes  are   chemically  equivalent),  in  future  studies  of  areas  where 
the  subsurface  geology  can  be  reasonably  well  predicted,  it  might  be 
economically  advantageous  to  drill  several  fewer  holes.   As  another 
example,  if  a  large  share  of  the  total  variance  is  attributable  to 
differences  among  rock  types  and  there  is  only  small  variance  among  all 
samples  within  that  rock  type,  it  may  be  possible  to  predict  the  chemistry 
of  a  rock  type  with  acceptable  confidence  by  visually  classifying  a  hand 
spec  imen . 

The  analysis  of  variance  must  be  applied  individually  to  each  element 
or  chemical  property,  and  it  is  not  generally  possible  to  estimate  the 
variation  in  the  body  of  data  as  a  whole.   However,  our  past  experience 
indicates  that  in  rocks  similar  to  those  studied  here,  many  elements  do 
vary  together,  and  commonly,  statements  could  be  made  about  the  variation 
of  much  of  the  entire  body  of  data. 
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(Central    value   on  each   bar  is  arithmetic  average,  extremes   represent  observed  range.   The 

number    of   samples   in  which   the   mineral  was  not  detected   (  if  any  )  is  shown  in   parentheses 

at  the    left    end   of  each   plotted    line;   in  such   instances,  the   lowest   detected  value   is 
marked  as  a  small  dot   interrupting  the  line. 


Figure  22.   Averages  and   Ranges  of  Minerals  by  Rock  Types,   Hanging  Woman  Creek  Study  Area. 
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Discussion  of  Results 

The  first  question  in  this  study  is  the  following:   could  an  assessment 
of  the  Hanging  Woman  Creek  study  area  overburden  rock  have  been  made  with 
less  sampling  and  fewer  analyses?   It  could  have  been  done  if  it  is 
possible  to  answer  the  following  two  questions  affirmatively: 

(1)  Are  the  chemical  and  mi neralog i ca 1  data,  by  rock  types, 
constant  across  the  study  area  (between  the  drilled  holes)? 

(2)  Are  the  rocks  in  a  single  named  type  (sandstone;  siltstone- 
plus-shale;  dark  shale)  distinct  and  dependable  in  their 
compos  i  t  ion? 

Further  on  it  will  be  discussed  whether  it  is  possible  to  extrapolate  the 
sampling  needs  determined  at  this  site  to  other  sites  of  the  Fort  Union 
coal  area. 

The  second  question  is  whether  there  exist  here  in  the  overburden 
rock  significant  volumes  of  chemically  or  mi neralog i cal ly  undesirable 
material  which  should  not  be  used  as  soil  material  on  the  reclaimed  site. 
Because  of  the  general  absence  of  widely  accepted  guidelines  on  what 
constitutes  "undesirable"  material,  a  tentative  answer  to  this  question 
can  come  only  from  a  chemical  and  mineralog i cal  comparison  of  the  rock 
material  of  this  study  with  soi 1  material  which  successfully  supports  the 
native  vegetation  both  at  this  site  and  at  other  places  in  the  region. 

Table  ]k   presents  the  components  of  total  variation  within  each  rock 
type,  to  show  whether  there  is  much  greater  spread  in  the  values  of  the 
chemical  data  for  samples  taken  from  many  holes,  drilled  kilometers  apart 
over  the  study  site  ("between  holes"  variance),  than  there  would  be  if 
samples  had  been  taken  from  a  single  drill  hole  ("between  samples  within 
holes"  variance).   The  magnitude  of  the  data  in  the  left  hand  column 
("total  log  10  variance"),  roughly  correlates  with  the  length  of  the  bars 
in  Figure  21  which  represent  the  spread  of  concentration  values  for  an 
element.   The  three  data  columns  to  the  right  of  that  showing  variation 
"between  cores"  and  "within  cores"  and  for  "laboratory  error"  are 
percentages  of  the  total  variance  which  is  attributable  to  each  of  these 
three  sources. 

The  largest  share  of  variance  for  most  elements  is  "within  cores", 
that  is  between  the  samples  taken  within  a  single  hole.   The  small  values 
in  the  "between  cores"  column  for  most  elements,  indicate  that  the  total 
spread  of  values  was  increased  only  very  little  by  sampling  from  multiple 
holes  compared  to  what  it  would  have  been  if  samples  had  been  taken  only 
from  any  one  of  the  holes.   In  fact,  only  copper  in  the  s i 1 tstone-pl us- 
shale  ("T"  code),  and  magnesium  and  germanium  in  the  sandstone  ("S"  code) 
showed  significant  variation  between  holes  or,  in  other  words,  large 
differences  moving  across  the  study  site.   The  "between  holes"  share  of 
total  variance  for  about  half  of  the  elements  in  all  three  rock  types  is 
estimated  to  be  zero.   A  large  share  of  the  variance  for  some  elements 
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Table  14. — Statistical  summary  of  the  chemical  composition  of  each  of  three 
types  of  overburden  rock  (Fort  Union  Formation)  at  Hanging  Woman  Creek 
study  area.   Data  on  dry  weight  basis.   Part  A:   sandstone;  Part  B: 
siltstone  and  shale;  Part  C:   dark  shale. 


[*,  indicates  significance  of  the  variance  component  at  the  0.05 
probability  level;  ratio  is  number  of  analyses  in  which  element 
was  detected  in  measurable  amounts  to  total  number  of  analyses; 
expected  range  is  calculated  assuming  lognormal  distribution  of 
data] 


6k 


Table   14.      Part   A:      Sandstone 


Total 

,ogio 

_^ variance 

51,   percent 0.0112 

Al,    percent .0181 

Ca,    percent .213 

Mg,    percent .115 

Na,    percent .00799 

K,   percent .0167 

Fe,    percent .0321 

Ti,    percent .0123 

Mn,   percent .0355 

Ag -  .0286 

As .253 

B .0410 

Ba .0206 

Be .0210 

Ce .0467 

Co .108 

Cr .0361 

Cu-- .0852 

F .020 

Ga ---  .0313 

Ge - .0361 

Hg —  .0436 

La —  .0128 

LI - .0562 

Mo .0678 

Nb --  .0317 

Nl .117 

Pb .203 

Rb .0235 

Total   S,  percent  .108 

Sc .0329 

Se-- 

Sn .0770 

Sr .0096 

Th --  .0231 

U .0129 

V .0307 

Y .0254 

Yb - .0485 

Zn ---  .0236 

Zr .0324 

Total  C,  percent  .  117 

Organic  C, 

percent .189 

Carbonate  C, 

percent .246 

Ash,  percent 2.847- 

pH .442- 

—  Total  variance. 

2/ 

—  Arithmetic  mean. 

3/ 

—  Standard  deviatic 


Variance  component  as  percent  of  total 
Between 

samples   Between 
Between   within   analytical 
holes holes    duplicates 


Rat  lo 


Geometric 
mean  (ppm 
except  as 
noted) 


Summary  statistics 


Observed  range 


Geometric 
deviation 


Minimum 
(ppm  except 


Maximum 
as  noted) 


Expected 
95  percent 
Minimum 


range  of 
of  samples 
Maximum 


39* 

0 

36* 

33 

18 

30 

0 

U 

0 

16 

0 

0 

5 
0 

7 
13 

8 
0 

0 
0 

42* 
0 
0 
0 
0 
20 

6 

1 
26 

7 
0 

0 

18 

0 

8 
0 
19 
12 
0 
11 
15 


60* 

82* 

57* 

67* 

81* 

55* 

98* 

90* 

36 

13 

29 

94* 

75* 

89* 

0 

84* 

78* 

98* 

53 

81* 

40* 

58 

67* 

75* 

74* 

16 

91* 

91* 

52* 

59* 

78* 

32 

57* 
49 
82* 
95* 
35 
15 
100* 
27 
85* 


1 
18 

7 
<1 

1 
15 

2 
10 
64 
71 
71 

6 
20 
11 
93 

2 
14 

2 
47 
19 
18 
42 
33 
25 
26 
64 

3 

8 
22 
34 
22 

68 
25 
51 
10 
5 
46 
73 
<1 
62 
<.l 

87 


24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
17:24 
14:24 
23:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
21:24 
24:24 
24:24 
24:24 
24:24 
23:24 
24:24 
24i24 
24:24 
17:24 
24:24 
16:24 
24:24 
7:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 

24:24 


27.0 

4.64 
3.87 
1.59 
.84 
1.55 
2.36 
.29 
.0448 
.22 
3.84 
25.9 
409 
1.42 
52.3 

6.89 
59.4 
13.2 
480 
11.7 
.76 
.031 
28.9 
12.7 
5.02 
5.41 
24.6 
3.3 
52.3 
.12 
7.37 
.042 
.72 
240 
6.33 
2.17 
59.0 
14.7 

1.79 
59.7 
196 
2.11 

.41 


1.28 
1.36 
2.89 

2.19 
1.23 
1.35 
1.51 

1.29 
1.54 
1.48 
3.19 
1.59 
1.39 
1.40 
1.64 
2.13 
1.55 
1.96 
1.39 
1.50 
1.55 
1.62 
1.30 
1.73 
1.82 
1.51 
2.20 
2.82 
1.42 
2.13 
1.52 
2.74 
1.89 
1.25 
1.42 
1.30 
1.50 
1.44 
1.66 
1.42 
1.51 
2.19 

2.72 


17.1 
2.79 
.456 
.294 
.549 
.909 
1.16 
.187 
.0259 
.142 
<.l 
11.1 
256 

.797 
22.3 

1.51 
26.9 
5.78 
<400 
6.08 
.35 
.02 
17.3 
3.43 
1.98 
2.16 
5.87 
.793 
24.6 
.0530 
3.33 
<.l 
.1 
133 
3.38 
1.55 
32.7 
8.03 
.68 
31 

84.7 
.38 

.03 


39.4 
8.22 
14.2 
5.08 
1.08 
2.31 
7.14 
.453 
.100 
.490 
48.71 
48.6 
826 

2.60 
101 

15.9 
114 

62.0 

900 

21.9 

1.98 

.1 

43.5 

2.32 

12.5 

10.3 

70.0 

14.8 

83.6 

.819 
14.5 
.29 
1.6 
389 
12.58 
3.41 
106 
28.0 
3.4 
101 
428 
6.35 

2.4 


16.5 
2.51 
.463 
.332 
.555 
.850 
1.04 
.174 
.0189 
.100 
.38 
10.2 
211 

.724 
19.4 

1.52 
24.7 

3.44 
90 
5.22 
.31 
.012 
17.0 
4.24 
1.52 
2.37 
5.07 
.413 
25.0 
.0266 
3.19 
.0056 
.202 
154 
3.14 
1.28 
26.2 
7.07 
.65 
29.9 
85.8 
.44 

.055 


44.2 

8.58 
32.3 
7.63 
1.27 
2.82 
5.38 
.483 
.106 
.482 
39 

65.5 
790 

2.78 
141 

31.3 
143 

50.8 
930 
26.4 
1.83 
.081 
48.8 
38.0 
16.6 
12.3 
119 

26.1 
102 

.547 
17.0 
.315 
2.57 
374 
12.8 
3.7 
133 
30.4 
4.9 
128 
446 
10.1 

3.03 


29 

69* 

1 

24:24 

1.26 

3.13 

.13 

6.05 

0 

61 

39 

24:24 

96.4^ 

1.692/ 

92.3 

98.4 

0 

95* 

5 

24:24 

8.95*' 

.«& 

7 

10 
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Table  14.   Part 


Siltstone  and  shale 


Variance  component  as  percent  of  total 


Summary  statistics 


Total 

logio 

variance 

Si,   percent 0.00117 

Al,    percent .00559 

Ca,    percent -  .192 

Mg,  percent .0272 

Na,  percent .0595 

K,  percent .00491 

Fe,  percent .0164 

Ti,  percent .0017 

Mn,  percent .0606 

Ag— - .0234 

As .0888 

B .0034 

Ba .012 

Be .0111 

Ce .0730 

Co .0121 

Cr .00372 

Cu .0335 

F .0159 

Ga .00704 

Ge .0181 

Hg- ---  .00915 

1^ .00440 

LI .0186 

Mo .0147 

Mb -  .0308 

Ni .0110 

ipb .0266 

Rb .0164 

Total  S,  percent-  .0480 

Sc .0159 

Se .123 

Sn-- .0826 

Sr .00276 

Th .0119 

U .0235 

V-- .0117 

y .00621 

Yb .00570 

Zn-- .00413 

Zr .00926 

Total  C,  percent-  .0416 

Organic  C  ,  percent  .0129 

Carbonate  C, 

percent 1.16 

Ash,  percent 1.35— 

pH 1.09^' 

—  Total  variance. 

2/ 

—  Arithmetic  mean. 

—  Standard  deviation. 


Between 
samples 
Between   within 
holes     holes 


Between 

analytical 

duplicates 


Ratio 


Geome  trie 

mean    (ppm 

Geometric 

Observed 

range 

Expected 
95   percent 

range   of 

except   as 

Minimum 

Maximun 

of   samples 

noted) 

deviation 

(ppm  except 

as   noted) 

Minimum 

Maximum 

28.8 

1.08 

25.2 

31.5 

24.6 

33.5 

7.01 

1.19 

5.14 

8.81 

4.95 

9.93 

1.71 

2.75 

.437 

5.83 

.226 

12.9 

1.20 

1.46 

.671 

1.75 

.563 

2.56 

.64 

1.75 

.124 

.978 

.209 

1.96 

2.28 

1.18 

1.50 

3.00 

1.64 

3.17 

2.62 

1.34 

1.96 

5.36 

1.46 

4.71 

.40 

1.10 

.318 

.447 

.331 

.484 

.0446 

1.76 

.0254 

.125 

.0144 

.138 

.38 

1.42 

.148 

.802 

.188 

.766 

6.  10 

1.99 

2.67 

62.2 

1.54 

24.2 

57.8 

1.14 

43.9 

69.8 

44.5 

75.1 

503 

1.29 

336 

880 

302 

837 

2.61 

1.27 

1.70 

3.55 

1.62 

4.21 

54.2 

1.86 

14.2 

115 

15.7 

187 

13.0 

1.29 

7.43 

18.9 

7.83 

21.7 

96.1 

1.15 

68.1 

126 

72.6 

127 

51.3 

1.52 

18.7 

80.4 

22.2 

118 

.077 

1.34 

<.04 

.1 

.0429 

.138 

23.2 

1.21 

16.5 

33.9 

15.8 

34.0 

1.12 

1.36 

.576 

1.74 

.606 

2.07 

.063 

1.25 

.04 

.09 

.0403 

.0984 

39 

1.17 

28.9 

55.6 

28.5 

53.4 

35.3 

1.37 

20.1 

56.3 

18.8 

66.3 

8.67 

1.32 

5.20 

14.0 

4.98 

15.1 

7.66 

1.50 

4.21 

17.9 

3.40 

17.2 

49.0 

1.27 

33.1 

67.6 

30.4 

79.1 

13.9 

1.46 

6.00 

24.7 

6.52 

29.6 

89.6 

1.34 

51.1 

129 

49.9 

161 

.17 

1.66 

.0538 

.402 

.0617 

.468 

15.7 

1.34 

9.18 

26.5 

8.76 

28.2 

.21 

2.24 

<.l 

.790 

.0419 

1.05 

1.33 

1.94 

.15 

2.32 

.353 

5.01 

249 

1.13 

189 

330 

195.1 

318 

11.7 

1.29 

7.19 

21.7 

7.03 

19.5 

4.14 

1.42 

2.91 

7.75 

2.05 

8.35 

131 

1.28 

85.4 

186 

79.9 

215 

23.8 

1.20 

16.8 

32.7 

76.5 

34.2 

3.45 

1.19 

2.45 

4.52 

2.44 

4.89 

110. 

1.16 

86.2 

146 

81.8 

148 

248 

1.25 

140 

327 

159 

388 

1.39 

1.60 

.68 

2.48 

.543 

3.56 

.85 

1.30 

.55 

1.39 

.503 

1.44 

.11 

12 

<.01 

1.58 

.000707 

1.57 

95.2*' 

i.«2/ 

93.1 

98.1 

8.08*' 

1.042' 

5.1 

9.1 

0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 

<1 

0 
23* 

0 

11 

52* 

0 

0 

0 

0 
19 

0 
10 

0 

1 

8 

0 

1 

5 

6 

0 

1 

5 

0 

0 

2 

0 

0 

2 

1 

0 

0 
9 
2 


91* 
96* 
>99* 
>99* 
96* 
96* 
99* 
94* 
92* 
65* 
80* 
81* 
71* 
86* 

0 
86* 
53 
23 

0 
7  7* 
57 
60 
17 
91* 

0 
45 
88* 
75* 
35 
68* 
71* 

0 
44 
48 
28 
72* 
72* 
43 
65* 
90* 
45 
98* 
64* 

78* 

13 

94* 


9 

4 

<1 

<1 

1 
4 
1 
6 
8 
35 
20 
19 
29 
14 
77 
14 
36 
25 
100 
23 
43 
40 
64 
9 
90 
55 
12 
18 
65 
31 
24 
94 
56 
55 
68 
28 
28 
56 
35 
10 
53 
<1 
36 

22 

77 
4 


24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
15:24 
23:24 
24:24 
24:24 
24:24 
24:24 
22:23 
24:24 
24:24 
24:24 
23:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
23:24 
24:24 
19:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 
24:24 

17:24 
24:24 
24:24 
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Table  14.   Part  C:   Dark  Shale 

Variance  component  as  percent  of  total  Summary  statistics 

Between  Geometric 

samples  Between  mean  (ppm  Observed  range  Expected  range  of 
10  Between    within   analytical  except  as  Geometric  Minimum       Maximum  95  percent  of  samples 
variance  holes holes    duplicates Ratio noted) deviation  (ppm  except  as  noted)  Minimum Maximum 

Si,  percent-- 0.00224  0  98*  2  23:23  25.1  1.12  18.2  27.7  20.0  31.4 

Al,  percent .00302  0  79*  21  23:23  7.79  1.13  6.08  9.73  6.10  9.95 

Ca,  percent-- .0279  6  0  94  23:23  1.19  1.47  .70  4.37  .55  2.57 

Mg,  percent .0152  7  92*  <1  23:23  .94  1.33  .48  1.29  .53  1.66 

Na,  percent --    .0182  22  77*  1  23:23  .54  1.36  .18  .79  .29  1.00 

K,  percent--- .0101  0  91*  9  23:23  2.21  1.26  1.09  2.71  1.39  3  50 

Fe,    percent .0192  0  98*  2  23:23  2.75  1.38  1.44  4.99  1.45  5.24 

Ti,    percent —  -        .00191  0  87*  13  23:23  .41  1.11  .34  .46  .33  .51 

Mn,   percent--- .104  18  71*  12  11:23  .0402  2.10  .0165  .163  .00912  .177 

Ag .0545  0  0  100  20:23  .35  1.71  .12  .54  .12  1.02 

As .0768  0  4  96  23:23  7.58  1.89  1.71  27.43  2.12  27.1 

B- .00219  22  20  58  23:23  63.9  1.11  50.0  76.5  51.9  78.7 

Ba  — ---        .011  7  46  46  23:23  453  1.28  240  655  276  741 

Be .00635  0  49  51  23:23  3.21  1.20  2.11  5.05  2.23  4.62 

Ce .0397  0  65*  35  22:22  78.6  1.58  43.8  167  31.5  196 

Co .00640  0  91*  9  23:23  16.4  1.20  11.8  20.9  11.4  23.7 

Cr .00967  5  87*  8  23:23  109  1.25  66.2  252  69.8  170 

Cu .0286  0  22  78  22:22  54.0  1.48  18.2  93.6  24.7  118 

F .00937  0  53  47  23:23  .08  1.26  .05  .11  .050  .127 

Ga .00471  3  68*  29  23:23  26.2  1.17  17.4  35.9  19.1  35.9 

Ge .0319  0  35  65  23:23  1.30  1.51  .531  2.49  .570  2.96 

Hg - --        .0797  0  98*  2  23:23  .11  1.92  .04  .44  .0298  .406 

La--- .00546  0  53  47  23:23  43.6  1.19  28.7  59.5  30.8  61.7 

Li .00501  0  0  100  23:23  40.8  1.18  31.8  51.0  29.3  56.8 

Mo .0618  0  0  100  23:23  8.54  1.77  1.13  19.4  2.82  27.7 

Nb .0441  0  21  79  23:23  7.54  1.62  3.22  18.3  2.87  19.8 

Ni .00821  0  85*  15  23:23  58.5  1.23  37.1  77.8  38.7  88.6 

Pb-  — .00563  <1  78*  21  23:23  21.9  1.19  16.6  36.6  15.5  31.0 

Rb .0283  18  70*  12  23:23  88.3  1.47  33.0  135  40.6  191 

Total   S,    percent---         .0155  0  23  77  23:23  .32  1.33  .17  .52  .18  .57 

Sc .00626  0  76*  24  23:23  19.1  1.20  12.8  24.4  13.3  27.6 

Se .186  0  0  100  20:23  .30  2.70  <.l  .994  .0412  2.19 

Sn .0517  10  <1  89  23:23  1.34  1.69  .424  2.40.,  .469  3.83 

Sr .00531  0  81*  19  23:23  24.6  1.18  184  315  179  342 

Th .00958  4  75*  22  23:23  14.1  1.25  9.63  23.1  9.00  22.0 

U .0160  10  87*  3  23:23  4.47  1.34  3.49  11.4  2.49  8.03 

V - .00447  0  75*  25  23:23  148  1.17  105  192  107  202 

Y .00793  9  0  91  23:23  28.2  1.23  22.1  40.7  18.6  42.6 

Yb .00175  0  28  72  23:23  4.00  1.10  3.39  4.77  3.31  4.84 

Zn  — -         .00453  0  99*  1  23:23  125  1.17  79.5  143  91.6  172 

Zr - .0132  0  68*  32  23:23  221  1.30  142  352  131  383 

Total  C,    percent---        .0846  1  99*  <1  23:23  5.60  1.95  2.54  24.89  1.47  21.3 

Organic  C,   percent-        .219  0  37  63  23:23  4.60  2.94  .18  24.89  .532  39.8 

Carbonate   C,    percent       .622  0  37  63  17:23  .07  6.15  <.01  .77  .00185  2.65 

Ash,    percent- 75. 5^  0  100*  <1  23:23  85. 4-^  8.69^  60.7  91.9 

pH - -        .641-  21  76*  3  23:23  7.66-/                 .8-'  5.4  8.4 

—  Total  variance. 

2/ 

—  Arithmetic  mean. 

—  Standard  deviation. 
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which  are  present  in  low  concentration  or  which  are   difficult  to  measure 
appears  in  the  "laboratory  error"  column,  and  represents  the  differences 
in  reported  values  of  samples  which  were  physically  divided  in  half  and 
the  "splits"  submitted  separately  to  the  laboratory. 

The  distribution  of  the  three  components  of  total  variance  discussed 
above  shows  clearly  that  very  nearly  as  much  information  about  the  range 
in  composition  of  the  Hanging  Woman  rocks  could  have  been  obtained  if  only 
a  single  hole  had  been  drilled:   there  would  have  been  only  a  very  slight 
risk  of  missing  rocks  of  unusual  character  if  drilling  the  other  holes 
had  been  omi  tted . 

Chemical  Distinctiveness  of  the  Three  Rock  Types 

The  three  ternary  plots  of  Figure  23  show  that  there  is  a  general 
chemical  separation  of  the  three  rock  types,  but  with  considerable  overlap 
(see  also  Table  ]k   and  Figure  21).   The  eight  trace  elements  (top  corners 
of  the  plots)  tend  to  be  more  abundant  in  dark  shale  and  s i 1 tstone-pl us- 
shale  than  they  are    in  sandstone,  but  the  dark  shale  is  only  somewhat 
higher  in  these  elements  than  the  s i 1 tstone-pl us-shale. 

Sandstone  and  s i 1 tstone-pl us-shal e  samples  have  compositions 
indicating  that  both  rock  types  contain  a  mixture  of  quartz  and  feldspar 
grains.   In  a  sedimentation  environment  where  greater  amounts  of  energy 
had  been  available,  it  might  be  expected  that  the  two  minerals  would  be 
separated  by  mechanical  winnowing  and  segragated  into  characteristic  size 
ranges.   However,  in  the  relatively  low-energy  environment  of  the  deposition 
of  the  Fort  Union  sediments  both  quartz  and  feldspar  grains  of  all  sizes  were 
dumped  in  the  basin  and  neither  sufficient  mechanical  energy  nor  time  for 
extensive  weathering  were  available  to  alter  the  original,  mixed  compositional 
relationships.   It  may  be  tentatively  assumed  that  the  feldspar-rich  Fort 
Union,  if  used  as  soil  material,  would  be  better  able  to  provide  minor  and 
trace  elements  necessary  to  plants  than  would  more  quartz-rich  sandstone 
common  in  other  regions.   Feldspars  contain  major  amounts  of  calcium  and 
potassium,  which  are  essential  to  plants,  and  of  aluminum,  the  key 
constituent  of  clay  minerals  formed  during  weathering  which  hold  and  release 
plant  nutrients.   Feldspars  also  contain  a  broad  range  of  minor  and  trace 
elements  to  be  released  during  weathering  or  alteration.   Quartz,  by 
contrast,  is  almost  barren  of  all  elements  except  silicon  and  oxygen,  is 
almost  immune  to  breakdown,  and  its  surfaces  play  almost  no  role  in  exchange 
or  release  of  elements  in  soil. 

The  overlap  in  chemical  composition  between  dark  shale  and 
s i 1 tstone-pl us-shal e  is  consistent  with  the  fact  that  the  two  types  of 
shale  exist  in  continuous  variation  in  the  cores,  commonly  changing  over 
small  vertical  distances,  and  the  two  types  cannot  properly  be  differentiated 
at  the  scale  of  the  illustrated  sections  presented  in  Figure  20. 
Mi nera log i ca 1  data  for  the  three  rock  types  is  presented  in  Table  15- 
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8   TRACE   ELEMENTS 
(Individually  Weighted) 


X     SANDSTONE 
X    SILTSTONES    ft    SHALES 
X     DARK   SHALE 


SILICON  % 


ALUMINUM   %  X  5 


Figure  23. 

Compositional   relationships  of  the  samples  of  the  three  rock  types  with   respect  to  silicon, 
aluminum   and  a  suite  of  eight  trace    elements.     The  digits    indicate   the    number  of 
samples   which  plot  at  that  point.     The  trace  elements  (  beryllium,    copper,    lanthanum, 
lead,  mercury,   nickel,  sulfur  and   yttrium  )   have  been   weighted  in  inverse   relation  to 
their  typical  concentrations,  so  each  will   have   an  equal    effect  on  the  plot. 
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"Special  Samples" 

The  samples  not  classified  as  members  of  any  of  the  three  rock-type 
groups  were  chosen  subjectively,  because  they  looked  interesting  or 
different,  or  in  many  cases  because  they  represented  a  type  of  rock  seen 
repeatedly  up  and  down  the  section,  though  not  commonly  in  great  volume 
abundance.   Many  of  these  "special"  samples,  despite  somewhat  anomalous 
appearance,  fit  with  good  chemical  and  mi nera 1 og i ca 1  conformity  into  one 
of  the  three  main  rock  type  classes  of  this  study.   On  the  other  hand, 
the  "special"  samples  commonly  have  the  highest  concentrations  of  certain 
suites  of  elements,  and  commonly  have  a  distinctive  mineralogy,  which  set 
them  apart  from  the  three  rock  types. 

Some  significant  features  of  the  "special"  samples  are  the  following: 

(1)  The  samples  with  the  highest  concentrations  of  minor  and 
trace  elements  are  dark  in  color  and  similar  to  dark  shale 
("H"  code  samples).   Of  the  three  rocks,  such  dark  shale 
is  the  most  undesirable  reclamation  potential. 

(2)  These  dark  samples  commonly  are   close  to  the  coal  beds. 

(3)  Other  types  of  "specials",  distinct  by  their  chemistry, 
minerology  or  texture,  are   present  in  small  volume  abundance 
and  for  this  reason  do  not  generally  represent  a  clear 
chemical  threat  in  reclamation  work.   The  strata  in  which 
they  occur  are  most  commonly  too  thin  to  be  handled  separately 
during  excavation  procedures. 

Of  the  "special"  samples  the  dark,  shaly  or  coaly  rocks  with  high 
trace-element  and  pyrite  concentrations,  which  promote  acidity  and  element 
mobilization  during  weathering,  may  be  close  to  either  major  coal  beds  or 
thinner  coaly  zones.   Examples  are    HWC  2103,  2504,  2702,  and  2708,  which 
may  be  found  catalogued  chemically  and  mi neralog ical 1 y  in  the  large  table 
in  Appendix  C.    A  general  recommendation  may  be  made  that  entire  strata 
(coal  bed  boundary  zones  and  thin,  low-grade  coaly  layers)  containing  such 
rocks  be  segregated  for  reburial  away  from  soil  and  ground-water  zones, 
wherever  practical  or  where  sufficient  volumes  exist  to  preclude  acceptable 
dilution  by  larger  volumes  of  sandy  rocks. 

Conspicuous  rocks  of  other  types  that  deserve  mention  constitute  thin, 
hard  strata  interrupting  thicker  zones  of  soft  gray  or  tan  mudstones  or 
sandstone.   These  rocks  are  largely  mixed  carbonates  of  two  types:   a  hard 
tan  rock  appearing  as  siltstone,  which  is  45~60%  calcian  siderite 
([Fe,  Ca]C03)  (examples  are  HWC  2001,  2302,  2500);  and  a  hard  gray  or  blue 
rock  appearing  as  siltstone  or  sandstone  which  is  25-60%  magnesian  calcite 
(examples  are  HWC  2004,  2104,  and  2707).   Such  rocks  do  not  have  high 
concentrations  of  minor  and  trace  elements. 

Similarity  of  Rocks  at  Hanging  Woman  Creek  Study  Area 
To  Rocks  Elsewhere  in  the  Fort  Union  Coal  Region 

Table  16  presents  concentrations  of  selected  elements  in  the  three 
types  of  rocks  at  the  Hanging  Woman  Creek  study  area  (3  left-hand  columns) 
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for  comparison  with  sandstone  and  fine-grained  rocks  of  the  Fort  Union 
Formation  of  the  Northern  Great  Plains  (next  three  columns).   The  values 
for  these  other  Fort  Union  area    rocks  are   averages  (geometric  means)  of 
80  samples  of  the  sandstone  and  shale  from  outcrop  and  50  samples  of  the 
fine-grained  rocks  from  cores.   In  all  three  studies  taken  as  a  whole, 
the  rock  samples  were  collected  from  many  sites  spread  over  an  area  hundreds 
of  kilometers  wide.   Analytical  and  preparation  procedures  were  identical 
in  all  three  studies.   Comparison  of  the  data  among  the  three  studies  shows 
clearly  that  the  values  of  the  sandstone  and  s i 1 tstone-pl us-shal e  in  this 
study  are  quite  similar  to  corresponding  rock  types  of  the  Fort  Union 
Formation  from  other  areas  in  the  region.   Possible  exceptions  are    that 
sandstone  from  the  Hanging  Woman  Creek  study  area  has  noticeably  lower 
boron  and  selenium  concentrations  and  higher  sodium  concentrations  than 
the  outcrop  rocks  of  the  Ebens  and  McNeal  study  (1977)  with  which 
comparison  might  be  made;  and  selenium  concentrations  appear  to  be  larger 
in  Hanging  Woman  fine-grained  rocks  from  the  Hanging  Woman  Creek  study  area 
than  in  those  of  the  Hinkley  and  Ebens  study  (1977)-   It  is  clear  that 
the  average  chemical  values  of  rocks  at  the  Hanging  Woman  Creek  study  area 
are  representative  of  the  area  in  general. 

In  addition  to  having  similar  average  values  of  elemental  composition, 
the  rocks  at  the  Hanging  Woman  Creek  study  area   and  the  rocks  of  the 
broader  region  also  have  similar  degrees  of  spread  (total  variance)  about 
their  average  values  and  a  similar  pattern  of  chemical  variation  with  respect 
to  spatial  location  of  the  samples.   This  can  be  seen  by  comparing  the 
values,  between  studies,  of  total  variance  and  individual  components  of 
variance  ("between  holes"  and  "between  samples  within  holes";  these  values 
are  not  given  here  for  the  other  studies  listed  in  Table  16,  so  the  reader 
must  consult  them  directly).   These  similarities  strongly  indicate  that, 
just  as  at  the  Hanging  Woman  Creek  study  area,    most  of  the  chemical 
information  about  the  rocks  at  other  sites  could  have  been  obtained  from 
a  sampling  and  analysis  program  much  less  extensive  than  the  one  followed 
in  this  study. 

Comparison  of  Outcrop  and  Drilled  Core  Samples 

In  Table  16,  the  chemical  values  for  sandstone  and  shale  collected 
from  outcrop  (Ebens  and  McNeal,  1977)  are  very  close  to  the  values  for  the 
corresponding  rock  types  sampled  from  core  in  both  the  Hanging  Woman  Creek 
study  area  and  the  5~site  study  of  Hinkley  and  Ebens  (1977),  (fifth  column 
of  the  table) . 

Samples  in  both  the  Ebens  and  McNeal  outcrop  study  and  Hinkley  and 
Ebens  core  study  were  taken  over  wide  areas  and  represent  large  numbers 
of  samples;  moreover,  the  analytical  methods  used  were  identical  to  those 
used  in  this  study.   The  similarity  suggests  strongly  that  in  potential 
mining  sites  where  the  overburden  material  is  exposed  as  outcrop  within  or 
near  the  area  to  be  disturbed,  at  least  some  samples  may  be  collected  from 
the  outcrop  for  lithologic  classification  and  possible  chemical  analysis 
with  confidence  that  the  results  will  be  similar  to  results  from  the  more 
expensive  core  samples. 
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Summary 

Generally,  the  dark  shale  contains  the  largest  concentrations  of 
trace  elements  and  sandstone  the  smallest  (Figure  21).   This  is  to  be 
expected  on  the  basis  of  nearly  all  reports  on  the  geochemistry  of  earth 
materials  over  the  last  several  decades.   For  the  major  elements  the 
distribution  among  the  rock  types  is  due  to  their  mi neralog i ca 1  composition; 
calcium  and  sodium  are  highest  in  sandstone  and  lowest  in  dark  shale, 
because  of  the  abundance  of  Ca  and  Na  feldspars  in  these  arkosic  sandstones 
(i.e.,  sandstones  with  a  high  feldspar  content);  aluminum  is  highest  in 
minerals  in  the  shale;  iron  is  highest  in  the  dark  shale  probably  because 
the  reducing  chemical  environment  of  its  deposition  favored  its 
preci  pi  tat  ion. 

Sandstone  generally  has  the  widest  spread  in  its  chemical  data.   This 
is  due  to  the  fact  that  despite  the  visible  presence  of  the  sand-size  grains 
(both  quartz  and  feldspar)  in  these  rocks,  the  remainder  of  the  material 
which  they  contain  may  be  mi nera log ical 1 y  very  varied  and  may  include 
much  or  little  clay.   This  fact  emphasizes  the  need  for  using  the  greatest 
possible  care  in  inspection  before  classifying  a  rock  of  the  Fort  Union 
Formation  as  a  sandstone,  to  be  sure  that  it  is  not  simply  an  unstructured 
slightly  gritty  rock  of  another  class  with  a  large  fraction  or  layer  of 
silicate  (clay)  minerals  and  high  concentrations  of  minor  and  trace  elements 

The  recommendation  made  here  for  a  limited  amount  of  sampling  and 
analysis  of  overburden  in  the  Fort  Union  region  is  based  on  our  finding 
that  the  rock  material  is  homogeneous,  and  that  the  concentrations  of 
potentially  harmful  elements  are    not  high.   We  feel  that  it  is  not 
justifiable  to  spend  large  amounts  of  money  for  a  slight  increase  in  the 
confidence  that  minor  zones  of  high  concentration  have  not  escaped  detection, 
However,  in  other  types  of  studies,  such  as  searches  for  sma 1 1 -vol ume, 
economically  valuable  mineral  deposits,  much  more  extensive  sampling  and 
analysis  might  be  clearly  justifiable. 
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SOILS 

Two  Soil  Conservation  Service  soil  surveys  cover  the  area  delineated 
as  the  Hanging  Woman  Creek  study  area;    Powder  River  County  Soil  Survey 
and  Big  Horn  County  Soil  Survey  (USDA,  SCS  Soil  Survey  Staff,  1971,  1977). 
The  soils  map  (Figure  2k)    delineates  the  soil  mapping  units  for  the  entire 
area.   A  detailed  study  was  done  on  the  soils  of  the  known  strippable 
coal  area    .      This  study  is  contained  in  the  section  "Soil  Chemistry  and 
Mi  nera logy" . 

Each  mapping  unit  was  measured  and  acreages  of  each  calculated.   This 

involved  the  East  Trail  Creek  drainage.  Acreages  of  each  soil  series 

and  phase  within  each  mapping  unit  were  calculated  and  their  proportional 
extents  were  tabulated  (Table  17). 

Soils  in  this  study  area  lie  upon  landscapes  ranging  from  undulating 
gentle  slopes  to  hilly  and  steep  topography.   Soils  on  the  undulating 
gentle  slopes  are   primarily  Thedalund  loam  and  Thurlow  silty  clay  loam. 
These  are  deep  loamy  soils  and  cover  k0%   of  the  study  area.   They  developed 
primarily  from  soft  sandstone.   The  predominant  soil  on  the  hilly  and 
steeper  topography  is  the  Midway  silty  clay  loam.   This  shallow  soil, 
overlying  shale,  is  typical  of  those  covering  the  steeper  land.   Midway 
occupies  over  25%   of  the  area. 

For  complete  descriptions  of  the  soil  mapping  units  in  the  entire 
area  consult  the  two  published  soil  surveys. 
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Si  3  I 


Figure  24.    SCS  Soil  Survey  Map  of  Hanging  Woman  Creek  Study  Area. 
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Table  17A.   Hydrologic  Classification  of  Soil  Series 

Hydrologic  soil  groups  are  used  in  watershed  planning  to  estimate  runoff 
from  rainfall.   Soil  properties  are   considered  that  influence  the  minimum 
rate  of  infiltration  obtained  for  a  bare  soil  after  prolonged  wetting. 
These  properties  are:   depth  of  seasonally  high  water  table,  intake  rate 
and  permeability  after  prolonged  wetting,  and  depth  to  very  slowly  permeable 
layer.   The  influence  of  ground  cover  is  treated  independently  -  not  in 
hydrologic  soil  groups. 

The  soils  have  been  classified  into  four  groups,  A  through  D.   Statements 
in  parentheses  following  the  definition  may  be  helpful  to  soil  scientists 
wishing  to  place  soils  into  hydrologic  groups  using  the  soil  classification 
system. 

A.  (Low  runoff  potential)   Soils  having  high  infiltration  rates  even 
when  thoroughly  wetted  and  consisting  chiefly  of  deep,  well  to  excessively 
drained  sands  or  gravels.   These  soils  have  a  high  rate  of  water  transmis- 
sion.  (Includes  Psamments  except  those  in  Lithic,  Aquic,  or  Aquodic  sub- 
groups; soils  other  than  those  in  group  C  or  D  in  fragmental,  sandy-skeletal, 
or  sandy  families;  soils  in  Grossarenic  subgroups  of  Udults  and  Udalfs;  and 
soils  in  Arenic  subgroups  of  Udults  and  Udalfs  except  those  in  clayey  or 

f  ine  fami 1 ies . ) 

B.  (Moderately  low  runoff  potential)   Soils  having  moderate  infiltration 
rates  when  thoroughly  wetted  and  consisting  chiefly  of  moderately  deep  and 
deep,  moderately  well  and  well-drained  soils  with  moderately  fine  to  moder- 
ately coarse  textures  with  moderately  slow  to  moderately  rapid  permeability. 
These  soils  have  a  moderate  rate  of  water  transmission.   (Soils  other  than 
those  in  groups  A,  C,  or  D.) 

C.  (Moderately  high  runoff  potential)   Soils  having  slow  infiltration 
rates  when  thoroughly  wetted  and  consisting  chiefly  of  well-drained  and 
moderately  well-drained  soils  with  slowly  and  very  slowly  permeable  layers 
(fragipans,  hardpans,  hard  bedrock,  and  the  like)  at  moderate  depth  (20  to 
kO    inches),  soils  with  moderately  fine  to  fine  texture  (or  soils  with  moder- 
ate water  tables).   (These  soils  may  be  somewhat  poorly  drained.)   These 
soils  have  a  slow  rate  of  water  transmission.   (Includes  soils  in  Albic  or 
Aquic  subgroups;  soils  in  aerie  subgroups  of  Aquents,  Aquepts ,  Aquolls, 
Aqualfs,  and  Aquults  in  loamy  families;  soils  other  than  those  in  group  D 
that  are  in  fine,  very  fine,  or  clayey  families  except  those  with  kaolinitic, 
oxidic,  or  halloysitic  mineralogy;  Humods  and  Orthods;  soils  with  fragipans 
or  petrocalcic  horizons;  soils  in  shallow  families  that  have  permeable 
substrata;  soils  in  Lithic  subgroups  that  have  rock  that  is  pervious  or 
cracked  enough  to  allow  water  to  penetrate.) 

D.  (High  runoff  potential)   Soils  having  very  slow  infiltration  rates 
when  thoroughly  wetted  and  consisting  chiefly  of  clay  soils  with  a  high 
swelling  potential,  soils  with  a  permanent  high  water  table,  soils  with  a 
claypan  or  clay  layer  at  or  near  the  surface,  and  shallow  soils  over  nearly 
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impervious  material.   These  soils  have  a  very  slow  rate  of  water  transmission 
(Includes  all  Vertisols;  all  Histosols;  all  Aquods;  soils  in  Aquents, 
Aquepts,  Aquolls,  Aqualfs,  and  Aquults  except  for  Aerie  subgroups  in  loamy 
families;  soils  with  natric  horizons;  soils  in  Lithic  subgroups  that  have 
impermeable  substrata;  and  soils  in  shallow  families  that  have  impermeable 
substrata)  . 


Soil  Chemistry  and  Mineralogy 
(modified  from  USGS  Open-File  Report  78-3^6) 

The  purpose  of  this  segment  of  the  study  is  to  provide  chemical  and 
mi neralog ical  data  on  the  soil  resource  within  the  stripping  part  of  the 
Hanging  Woman  Creek  study  area.      These  data  will  contribute  to  the 
potent ial -reclamat ion  evaluation  in  the  event  that  the  area  is  disturbed 
by  strip  mining  for  the  underlying  coal  deposits. 

Soil  mapping  of  the  area,  as  shown  in  Figure  25,  was  adapted  from 
detailed  mapping  of  the  Big  Horn  County  soil  survey  (SCS,  1977)  - 
Morphological  descriptions  of  the  map  units  within  the  stripping  area   are 
given  in  Appendix  D. 

The  taxonomy  of  soils  that  occur  in  the  area    is  given  to  summarize 
the  relationships  among  the  soils  (Table  18).   Although  the  soil  series 
are  listed  individually  in  Table  18,  some  occur  on  the  land  in  close 
association  with  other  series  as  complexes  (Figure  25).   Soil  properties 
that  are  used  to  define  the  taxonomic  Great  Groups  are   given  in  the 
appendix.   The  characteristics  given  are    in  addition  to  those  properties 
that  define  the  Suborders,  which  are    the  next  higher  taxonomic  category. 
In  general,  the  soils  of  the  study  area  are  shallow,  poorly  to  moderately 
developed,  neutral  to  alkaline  pH,  calcareous,  and  in  some  cases  sodic. 
The  principal  types  of  parent  material  are  sandstone,  shale,  and  alluvium 
derived  from  these  materials. 

The  diversity  represented  by  the  numerous  mapping  units  reflects 
taxonomic  definitions  that  are  based  largely  on  morphologic  properties. 
The  large  number  of  mapping  units  were  condensed  into  a  more  manageable 
number  of  groups  that  should  reflect  differences  in  the  mineralogy  and 
geochemistry  as  well  as  broad  differences  in  morphology;  the  definitions 
of  these  groups  are    shown  in  Table  19-   Properties  apparent  from  soil 
mapping  data  are   considered  such  as,  the  major  clay  mineralogy,  presence 
or  absence  of  salt  affect,  and  physiographic  position.   These  condensed 
map  units  are    shown  in  Figure  25- 

Map  Unit  No.  1  includes  alkali-  and  sod ic-af f ected  soils  that  occur 
along  the  valley  sides  at  foot  slopes  where  saline  seeps  emerge  or 
precipitates  accumulate.   Some  occurrences  are  found  in  upland  positions 
where  alkali  or  sodic  conditions  occur  in  the  parent  material.   Map  Unit 
No.  2  includes  the  terraces,  fans,  and  foot  slopes  of  the  upper  drainages 
and  side  slopes.   The  predominant  clay  mineralogy  as  classed  as 
montmor i 1 loni t ic  and  the  soils  are    not  sod i c-aff ected .   Map  Unit  No.  3 
represents  predominantly  those  shallow,  residual  soils  developed  on  the 
upland  ridges  and  divides  where  the  more  resistant  rock  outcrops  occur. 
The  soil  series  tend  to  occur  as  complexes  and  the  mineralogy  is  classed 
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Explanation  of  map  units  in  Figure  25. 

rMap  adapted  from  Progressive  Soil  Survey,  Big  Horn  County,  by 
Soil  Conservation  Service,  Hardin,  Montana  unpub.  data);  used 
by  permission  of  SCS ] 

Explanation 

>2$)       Sample  number:   1st  digit  -  soil  group;  2nd  digit  -  sample  within  group. 

Map  unit   Soil  series  Slope  (percent) 

Soil  Group  1: 

Ayd  Arvada   sicl  0-4 

Aye  Arvada-Bone  0-4 

Gd  Gilt    Edge   sicl  2-4 

Hna  Hydro    1  0-8 

Hnc  Hydro   sil  2-4 

Hnh  Hydro-Allentine  4-8 

Ho  Hysham   1  0-2 

Vc  Vananda   c  1-8 

Soil  Group   2: 

Hlc  Heldt   sicl  4-8 

Hid  Heldt   sicl  8-15 

Hlg  Heldt -Hysham  2-4 

Mu  Midway  sicl  2-8 

MVa  Midway  sicl  8-15 

Tm  Thurlow  sicl  1-4 

Tn  Thurlow  sicl  4-8 

To  Thurlow-Midway  4-15 

Soil  Group   3: 

CW  Colby-Midway  8-15 

Cz  Cushman    1  4-8 

MVe  Midway-Thedalund  8-15 

MVf  Midway-Thedalund  8-35 

Ne  Nelson-Alice  8-20 

THd  Thedalund-McRae  4-35 

THe  Thedalund -Midway  8-15 

THk  Thedalund-Travesilla  2-15 

THl  Thedalund -Wibaux  4-8 

THm  Thedalund-Wibaux  8-15 

TS  Travesilla-Thedalund  8-15 

Soil   Group  4: 

Fk  Fort   Collins    1  2-4 

Fm  Fort   Collins    1  4-8 

Hfa  Haverson    1  0-2 

HGb  Haverson-Lohmiller  0-35 

Lr  Lohmiller   sicl  4-8 

Mr  McRae    1  1-4 

Ms  McRae    1  4-8 

Others: 


SOc        Shale  outcrop-Midway        20-90 
THg        Thedalund-rock  outcrop       15-35 
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SOIL  GROUP 


SOIL  GROUP  2 


SOIL  GROUP  3 


SOIL  GROUP  4 


OTHERS 


Figure    25,      Soil    Map  of  Strippable   Area 
within  and  near  the  Hanging 
Woman   Creek   Study  Area, 
Big  Horn  County,   Montana. 
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Table  19 .--Description  of  soil  groups  and  soil  series  sampled  in  each  group 

Soil  group  no. Description 

1  Montmorillonitic ,  alkali-  or  sodic-af fected ; 

terraces,  fans,  and  foots  lopes.   Series 
sampled:   3-Arvada  (Ayd) ,  1-Vananda  (Vc). 

2  Montmorillonitic,  non-sodic  affected;  terraces, 

fans,  foots  lopes,  ridges.   Series  sampled: 
2-Midway  (MVa) ,  2-Thurlow  (Tm) . 

3  Montmorillonitic  and  mixed  mineralogy;  complexes 

in  upland  positions.   Series  sampled:   4-Midway- 
Thedalund  (MVe ,  MVf ) . 

4  Mixed  mineralogy;  recent  alluvium.   Series 

sampled:   3-Haverson-Lohmiller  (HGb) ,  1-McRae 
(Mr)  . 
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as  montmori 1  Ion i t i c  and  mixed.   Map  Unit  No.  k    includes  soils  of  mixed 
mineralogy  that  are  developed  on  alluvium  within  the  main  valley  bottom. 

Sampling  Procedures 

The  chemical  and  mi nera log ical  variability  of  the  soils  was  initially 
unknown.   It  was,  therefore,  necessary  to  obtain  representative  samples 
of  each  of  the  four  combined  mapping  units.   Accordingly,  four  sampling 
localities  within  each  of  the  mapping  units  were  randomly  selected  for  a 
total  of  16  localities.   The  mapping  units  that  were  sampled  are  given  in 
Table  19;  locations  are  shown  in  Figure  25.   At  each  locality,  two  profiles 
were  selected  that  were  separated  by  a  random  distance  of  3  to  328  feet 
(1  to  100  m) .   A  channel  sample  of  the  A  or  A-plus-B  horizons  (if  present) 
of  one  profile  was  composited  with  a  similar  sample  from  the  other  profile. 
A  corresponding  composite  sample  of  the  C  horizons  was  obtained  from 
depths  that  had  a  typical  range  of  about  2k    to  32  inches  (60  to  80  cm), 
or  less  if  the  depth  to  bedrock  was  less. 

Laboratory  Procedures 

All  soil  samples  were  thoroughly  air  dried  at  ambient  temperature 
and  gently  disaggregated  by  a  mechanical,  ceramic  mortar  and  pestal.   Only 
the  material  passing  a  2-mm  stainless  steel  screen  was  used  for  further 
analysis.   A  representative  subsample  was  prepared  for  chemical  analysis 
by  grinding  to  -100  mesh  in  a  ceramic  grinder.   The  methods  of  analysis 
used,  the  elements  measured,  and  the  lower  limits  of  determination  are 
given  in  Table  20.   Each  sample  was  scanned  for  Sk   elements  by  emission 
spectroscopy  with  an  automatic  plate  reader.   Typically,  only  about  20-25 
elements  are  found  in  soils  above  the  limit  of  determination.   Other 
chemical  procedures,  such  as  atomic  absorption,  neutron  activation,  and 
wet-chemical  techniques  were  used  for  selected  elements  for  which  the 
normal  ranges  of  concentration  were  below  the  limits  of  determination  by 
the  spectrographic  method.   All  samples  were  analyzed  in  laboratories  of 
the  U.S.  Geological  Survey  in  Denver,  Colorado  by  the  following  analysts: 
emission  spectrography ,  Merlyn  W.  Solt  and  Kathryn  E.  Horan;  x-ray 
fluorescence,  James  S.  Wahlberg,  James  W.  Baker,  and  Michele  L.  Tuttle; 
Li,  Mg,  Na ,  and  Rb  by  atomic  absorption,  Wayne  Mountjoy  and  Carol  A.  Gent; 
F  by  specific-ion  electrode,  Harriet  Nieman  and  Patricia  G.  Guest;  C  by 
Paul  H.  Briggs  and  Van  E.  Shaw;  Cd  and  Zn  by  atomic  absorption,  James  G. 
Crock;  Hg  by  flameless  atomic  absorption,  James  A.  Thomas;  U  and  Th  by 
neutron  activation,  Hugh  T.  Millard,  Jr.,  Caryl  L.  Shields,  C.  M.  Ellis, 
R.  L.  Nelms,  and  C.  A.  Ramsey;  and  pH ,  George  0.  Riddle.   Particle-size 
analysis  and  x-ray  diffraction  were  done  by  Mike  P.  Pantea. 

A  randomly-selected  group  of  16  samples,  8  each  of  the  A-horizon 
samples  and  of  the  C-horizon  samples,  were  split  into  duplicates  to 
estimate  the  magnitude  of  the  analytical  error.   These  duplicates  were 
randomly  intermixed  among  the  other  samples  and  the  entire  suite  was 
analyzed  in  a  random  order  to  transform  any  systematic  errors  into  random 
errors. 
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Table  20. — Methods  of  analyses  and  lower  limits  of  determination  for  elements 
measured  in  soil  samples. 

Lower  limit  of 
Method Elements determination Reference 

Emission  spectroscopy 

(plate  reader)        Common  elements  U.S.  Geol.  Survey  (1976, 

17         P-  131-132) 
B 

Ba 

Be 

Co 

Cr 

Cu 

Ga 

La 

Mn 

Nb 

Ni 

Pb 

Sc 

Sr 

V 

Y 

Yb 

Zr 

Rare  elements  (parts  per  million) 

Ce  21 

Mo  2.1 
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Cable  20. — Methods  of  analyses  and  lower  limits  of  determination  for  elements 
measured  in  soil  samples — continued. 

Lower  limit  of 
Method Elements determination Reference 

X-ray  fluorescence       Major  elements  (percent)        Miesch  (1976,  p.  11-12) 

Al  0.3 

Ca  .07 

Fe  .04 

K  .025 

Si  .25 

Ti  .03 

Minor  elements  (parts  per  million) 

As  .5 

Ge  .5 

Sb  .5 

Se  .5 

Sn  .5 

Atomic  absorption  (parts  per  million)  Miesch  (1976,  p.  12-14) 

Cd  1 

Hg  .01 

Li  5 

Mg  180 

Na  75 

Rb  10 

Zn  10 

Selective-ion  electrode  (parts  per  million)  Do. 

F  40 

pH  -  2/ 
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Table  20.— Methods  of  analyses  and  lower  limits  of  determination  for  elements 
measured  in  soil  samples — continued 


Method 


Elements 


Lower  limit  of 
determination 


Reference 


Gasometric  (parts  per  million) 

Total  C 
Neutron  activation  (parts  per  million) 

Th 

U 


500 


Miesch  (1976,  p.  13) 


U.S.  Geol.  Survey  (1975, 
p.  79-81) 


1.'    Lower  limit  of  determination  is  not  reported  for  most  elements  by 
emission  spectroscopy  because  it  varies  due  to  sample  dilution. 

2/ 

—  pH  determined  by  glass  electrode  in' water-saturated  paste.   Lower- 

limit-of-determination  value  not  applicable. 
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Particle-size  analysis  and  determination  of  mineralogy  were  performed 
on  A-horizon  samples  only.   Particle  size  was  determined  by  a  gravimetric 
separation  done  in  conjunction  with  preparation  for  x-ray  analysis. 
Organic  matter  and  carbonate  cementing  agents  were  removed  by  procedures 
described  by  Jackson  (1975)-   The  mineral  assemblage  of  the  sand  (2  mm- 
50  urn) ,  silt  (50-2  ym) ,  and  clay  (less  than  2  ym)  was  determined  by 
x-ray  diffraction. 

The  sand,  silt,  and  clay  fractions  were  each  ground  to  a  powder 
and  randomly  oriented  for  x-ray  diffraction.   Quantitative  estimates  of 
the  minerals  present  were  made  using  a  computer-assisted  analysis  of  the 
peak  areas.   The  clay-size  fraction  was  characterized  from  oriented 
patterns  by  treating  it  with  ethylene  glycol,  and  heating  to  temperatures 
of  300  and  500°  F,  respectively,  to  evaluate  expanding  clay  minerals  and 
kaol i n i te-chlor i te.   Also  K-saturat ion  and  Mg-saturat ion  of  the  clays 
was  followed  by  glycerine  treatment  to  distinguish  between  vermiculite 
and  montmor i 1  Ion i te.   Semiquantitative  estimates  of  the  abundance  of 
each  clay  mineral  were  made  by  visual  inspection  of  the  first-order 
x-ray  diffraction  peak  area. 

Results 

The  particle-size  distributions  of  the  A-horizon  samples  are  shown 
in  Table  21.   The  textures  range  from  loam  to  s i 1 ty  clay;  however,  there 
is  no  important  textural  difference  between  the  soil  groups. 

The  minerals  commonly  detected  in  randomly-oriented  samples  of 
whole  soil  and  of  the  sand,  silt,  and  clay  fractions  include  quartz, 
plagioclase,  potassium  feldspars,  and  clay  minerals.   Calcite  and  dolomite 
occur  in  the  whole  soil  sample  but  not  in  the  separate  size  fractions 
because  they  were  removed  by  the  treatment  that  was  applied.   It  is 
noteworthy  that  gypsum  was  not  detected  in  the  samples.   The  sources  of 
variation,  as  determined  by  analysis  of  variance,  are  predominantly 
associated  with  either  the  samples  or  with  laboratory  error  (Table  22). 
For  most  of  the  minerals,  only  a  minor  part  of  the  variance  is  associated 
with  the  soil  group  level.   In  other  words,  there  are   no  significant 
differences  in  the  mineralogy  between  the  soil  groups  with  the  exception 
of  calcite  and  dolomite.   The  grand  mean,  which  is  estimated  from  the  data, 
is  likely  to  be  a  stable  estimate  but  the  deviation  about  that  estimate 
may  be  rather  large. 

Mineral  amounts,  for  which  thare  is  no  significant  difference  between 
soil  groups,  are  best  estimated  by  a  single  grand  mean  (Table  23).   Quartz 
and  the  clay  minerals  are  dominant,  and  the  feldspars  and  carbonates 
are  minor.   The  percentage  of  the  primary  minerals  tends  to  decrease  as 
the  particle  size  becomes  smaller;  the  percentage  of  the  clay  minerals 
is  complementary. 

Minerals  that  do  exhibit  a  significant  difference  between  soil  groups 
are   best  estimated  by  the  individual  group  means.   Calcite  is  significant 
at  the  0.05  probability  level  and  dolomite  is  significant  at  the  0.1 
probability  level.   Group  means  for  these  minerals  are  given  in  Table  2k. 
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11 

52 

37 

Silty  clay  loam 

24 

50 

26 

Loam 

13 

47 

40 

Silty  clay 

23 

49 

28 

Clay  loam 

Table  21. — Particle-size  analysis  of  A-horizon  samples  of  soils 

[Values  in  percent] 

Sample  no. Sand Silt C  lay Soil  texture 

SOIL  GROUP  1 

1 

2 
3 

4 

SOIL  GROUP  2 

1 
2 
3 

4 

SOIL  GROUP  3 

1 
2 
3 

4 

SOIL  GROUP  4 

1 
2 
3 

4 


16 

51 

33 

Silty  clay  loam 

8 

53 

39 

Silty  clay  loam 

7 

50 

43 

Silty  clay 

24 

45 

31 

Clay  loam 

29 

40 

31 

Clay  loam 

21 

49 

30 

Do. 

22 

49 

29 

Do. 

38 

33 

29 

Do. 

43 

36 

21 

Loam 

19 

50 

31 

Silty  clay  loam 

35 

40 

25 

Loam 

29 

50 

21 

Silt  loam 
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Table  22. — Variance  components  of  primary  minerals  in  A-horizon  samples 
of  whole  soil  and  separate  size  fractions. 

[Values,  percentage  of  total  variance.   Asterisk  (*) , 
significant  at  0.05  probability  level] 

Soil  1/ 

groups        Samples-       Analyses 
Mineral 2 l_— — 

WHOLE  SAMPLE 

35  61  4 

Quartz  

19  49  32 

Plagioclase 

*   ..j  0  87  13 

Potassium  feldspar  

,  .  81*  18  1 

Calcite ° 

48  26  26 

Dolomite  

r1  __         22  72  6 

Clay <■ 

SAND  FRACTION    (2  mm   -    .05  mm) 

~T  0  88  12 

Quartz  

0  57  42 

Plagioclase  

0  32  68 

Potassium  feldspar  

0  88  12 

Clay 

SILT  FRACTION  (.05  mm  -  .002  mm) 

0  0  100 

Quartz  u 

„i  ■      i  34  46  20 

Plagioclase JH 

Potassium  feldspar  30 

Clay - *  °  % 

CLAY  FRACTION  (<.0Q2  mm)  

Quartz 0  28  72 

-,   •   1  n  18  82 

Plagioclase u 

Potassium  feldspar  18 

n  13  87 

Clay  ° 

1/  No  significance  test  for  samples  was  made. 
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Table  23. — Summary  statistics  of  primary  minerals  in  whole  samples 
and  separate  size  fractions  of  A-horizons  of  soils. 

[Values  in  percent.   Randomly  oriented  X-ray  diffraction. 
Means,  no  significant  differences  between  soil  groups] 

Mineral Grand  mean Standard  deviation 

1/ 
WHOLE  SAMPLE- 

Quartz 42  7.6 

Plagioclase 7.6  2.2 

Potassium  feldspar--     5.4  2.3 

Clay  minerals 40  6.8 

SAND  FRACTION  (2  mm  -  . 05  mm) 

Quartz 74  7.1 

Plagioclase 8.6  3.0 

Potassium  feldspar--     9.1  2.1 

Clay  minerals 8.5  4.9 

SILT  FRACTION  (.05  mm  -  .002  mm) 

Quartz 60  5.8 

Plagioclase 12  2.0 

Potassium  feldspar--     7.3  2.0 

Clay  minerals 21  6.2 

CIAY  FRACTION  (<.0Q2   mm) 

Quartz 13  3.9 

Plagioclase 4.0  3.1 

Potassium  feldspar--     1.6  2.8 

Clay  minerals 81  6.4 

—   Total  percentage  includes  calcite  and  dolomite. 
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Table  24. — Summary  statistics  for  calcite  and  dolomite  in  A-horizon 
samples  of  soils. 

[Values  in  percent.   Numbers  in  parentheses,  soil  group 
number.   Underscore,  means  without  significant  differences 
by  Duncan's  multiple  range  test.   Data,  randomly  oriented 
X-ray  diffraction  of  whole  soil  samples] 


Standard 

Standard 

Mineral 

deviation 

error 

Group 

means 

(1) 

(4) 

(2) 

(3) 

Calcite 

1.71 

0.41 

0.55 

0.58 

5.0 

8.6 

(1) 

(4) 

(3) 

(2) 

Dolomite  -- 

.85 

.61 

.88 

2.1 

2.2 

2.5 
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A  semiquantitative  estimate  of  the  several  clay  minerals  in  the 
clay-size  fraction  is  given-  in  Table  25.   The  predominant  minerals  include 
illite,  kaolinite,  and  interlayered  i 1 1 i te-montmor i 1 loni te  with  minor 
occurrences  of  montmor i 1  Ion i te-vermicul i te,  montmor i 1  Ion i te ,  and  chlorite. 
There  are  no  outstanding  differences  between  the  soil  groups. 

The  sources  of  variation  in  the  chemical  data  for  both  A-  and 
C-horizons  were  determined  by  analysis  of  variance  (Tables  26  and  27). 
The  data  were  transformed  to  logarithms,  except  as  noted,  because  the 
frequency  distributions  are  more  nearly  normal  on  a  log  scale.   The 
estimate  of  anal yt i ca 1 -error  variance  was  derived  from  a  separate  analysis 
of  variance  of  the  duplicates.   Because  of  this,  there  is  no  test  of 
significance  for  the  samples.   Significant  differences  between  soil  groups 
were  found  for  1 k   elements  in  the  A-horizon.   There  were  19  elements  in 
the  C-horizon  that  had  significant  differences  between  soil  groups,  13  of 
these  being  the  same  as  in  the  A-horizon.   The  following  elements  were 
judged  to  have  excessive  analytical  error:   barium,  lanthanum,  mercury, 
molybdenum,  selenium,  and  tin  in  the  A-horizon;  and  beryllium,  cerium, 
lanthanum,  lead,  molybdenum,  selenium,  ytterbium,  and  zirconium  in  the 
C-horizon.   Therefore,  no  summaries  are  given  for  these  elements. 

Because  there  are   significant  differences  between  soil  groups  for 
some  elements,  the  individual  means  for  each  group  are  the  best  estimates 
of  average  concentration  of  these  elements  (Table  28).   The  analysis  of 
variance  indicates  a  difference  only  between  the  largest  and  the  smallest 
means;  any  possible  differences  between  other  means  were  tested  by  Duncan's 
multiple-range  test  (Duncan,  1955).   Groups  of  means  that  are   not 
significantly  different  are  indicated  by  underscores  in  Table  28. 

Elements  for  which  there  is  no  significant  difference  between  soil 
groups  are  best  described  by  a  single  grand  mean,  which  is  shown  in 
Table  29-   A  95%  expected  range  is  also  given:   this  indicates  that  an 
additional  sample  would  have  a  concentration  that  would  be  either  above 
or  below  the  range  only  one  time  out  of  20  due  to  chance  alone.   The 
expected  range  is  calculated  on  the  basis  of  an  estimate  of  the  natural 
variation  from  which  the  analytical  error  has  been  removed. 

D  i  scuss  ion 

Significant  differences  between  the  soil  groups  were  found  primarily 
among  the  major  elements  (aluminum,  calcium,  carbon  (carbonate),  iron, 
magnesium,  potassium,  silicon,  and  titanium).   Because  the  mapping  units 
were  condensed,  in  part,  on  the  basis  of  the  presence  or  absence  of  alkali 
and/or  sod i c  conditions,  it  is  surprising  that  we  find  no  significant 
differences  in  sodium.   There  are,    however,  differences  in  calcium, 
magnesium,  and  carbonate  with  the  soil  groups  developed  on  alluvium 
(including  group  1,  which  is  designated  as  "alkali-  or  sod i c-af f ected" , 
and  group  k)    having  the  lowest  concentrations.   The  largest  concentrations 
of  these  constituents  are   associated  with  residual  soils  in  upland 
positions  where  calcite  and  dolomite  are  more  predominant. 
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Table  25. —Semiquantitative  estimates  of  clay-mineral  abundance  in  the 
clay-size  fraction  (less  than  .002  mm)  of  A-horizons  of  soils. 

[A,  abundant,  greater  than  40  percent.   I,  intermediate, 
15-40  percent.   M,  minor,  less  than  15  percent] 


Sample 
number 

Mont . 

1/ 

Mont . - 
illite 

Mont . - 
vermiculite 

Illite 

Kaolinite 

Chlorite 

SOIL  GROUP  1 

1 

A 

I 

I 

M 

2 

I 

I 

A 

I 

3 

I 

I 

I 

M 

4 

1 

I 

I 

A 

SnTT,  r.pmTP  ? 

1 

I 

I 

I 

M 

2 

1 

I 

I 

M 

3 

I 

I 

M 

I 

4 

A 

I 

M 

snjT,  hrdttp  ? 

1 

A 

I 

I 

M 

2 

A 

I 

I 

3 

A 

M 

I 

I 

M 

4 

I 

I 

I 

M 

qOTT.  RROTTP  4 

1 

I 

M 

I 

2 

I 

I 

I 

M 

3 

I 

I 

M 

4 

M 

I 

I 

1/  Montmorillonite 
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Table  26. — Variance  components  for  elements  and  pH  in  A-horizon  soil  samples. 

[Values,  percentage  of  total  logarithmic  variance  except  as 
noted.   Asterisk  (*) ,  significant  at  0.05  probability  level. 
Analytical  error  estimated  separately  from  partial  duplicate 
analyses] 


Variance  components,  percent 

Elements Soil  groups Samples Analyses 

Al- 59*  37  4 

As  2  80  18 

B  32  37  31 

Ba  28  0  72 

Be  28  45  27 

C,  carbonate-  51*  47  2 

C,  organic 2  90  8 

Ca  76*  24  <1 

Ce 19  21  60 

Co 32  45  23 

Cr 47*  39  14 

Cu --  2  35  63 

F  -- 3  82  15 

Fe-' 65*  33  2 

Ga 18  44  38 

Ge 29  25  46 

Hg 23  0  77 

K 84*  12  4 

La o  37  63 

Li  74*  22  4 

1/ 

Mg- 44*  56  <1 

Mn 44*  12  44 

Mo 5  6  89 

1/ 

Na- 5  90  5 

Nb  -- ---  28  17  55 

N1  50*  37  13 

Pb  1  51  48 

Rb  --- --  87*  0  13 

Sc ---  20  48  32 

Se  0  32  68 

Si-* 54*  41  5 

Sn  0  0  100 

Sr  34  51  15 

Th  -- --  22  44  34 

Tii 46*  35  19 

U n  80  9 

V  --- ---  35  40  25 

Y -  14  39  47 

Yb 0  58  42 

Zn 58*  39  3 

Zr  -- --  24  22  54 

pH 26  47  27 


—  Variance  estimated  from  nonlog  data. 
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Table  27. — Variance  components  for  elements  and  pH  in  C-horizon  soil  samples. 

^Values,  percentage  of  total  logarithmic  variance  except  as 
noted.  Asterisk  (*) ,  significant  at  0.05  probability  level. 
Analytical  error  estimated  separately  from  partial  duplicate 
analyses] 


Variance  components,  percent 

Elements Soil  groups Samples Analyses 

1/ 

Al- 42*  40  18 

As  0  87  13 

B 13  36  51 

Ba 31                18  51 

Be 25  0  75 

C,  carbonate  -  48*  49  3 

C,  organic  <1  96  4 

Ca  --- 63*  37  <1 

Ce  22  0  78 

Co 52*                3  45 

Cr ---  57*  25  18 

Cu 39*  24  37 

F 32  63  5 

1/ 

Fe- 60*  35  5 

Ga 56*  0  44 

Ge  40*  22  38 

Hg 0  55  45 

K --  40*  54  6 

La 0  0  100 

Li  37  61  2 

1/ 

Mg- 52*  48  >1 

Mn 51*  35  14 

Mo  0  0  100 

Nal  - 0  99  1 

Nb 34  0  66 

Hi  62*  12  26 

Pb  16  0  84 

Rb  30  43  27 

Sc  54*                3  43 

Se  28  0  72 

Si- 63*  35  2 

Sn  0  61  39 

Sr 70*  0  30 

Th  o  62  38 

1/ 

Ti" ---  58*  40  2 

U 12  80  8 

V 46*  22  32 

Y o  26  74 

^ 0  0  100 

Zn  53*  4?  K1 

Zr o  0  100 

pH o  27  73 


1/ 

-  Variance  estimated  from  nonlog  data. 
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Table  28. — Summary  statistics  of  element  concentrations  in  soils  samples  that 
have  significant  differences  between  soil  groups. 

rvalues,  parts  per  million  except  as  noted  percent.   Number  in  paren- 
theses, soil-group  identifier  (see  figure  1).   Means  ranked  in  ascend- 
ing order.   Underscore,  class  of  means  by  Duncan's  multiple-range  test, 
no  significant  difference  between  means  within  the  class.   Statistics 
based  on  logarithmic  data,  except  as  noted  nonlog" 


Geometric   Geometric      Geometric  means 
deviation error soil  groups 


Ca,  perc 


.18 
1.31 
1.20 
1.05 

1.07 
1.08 
.049 
.12 


(4) 
4.8 

(3) 
5.2 

(2) 
5.7 

(1) 

6.0 

(4) 
4.2 

(3) 

4.8 

fl) 
5.2 

(21 
5.5 

(1) 
.08 

(4) 
.33 

(2) 

.82 

(3) 
1.3 

(4) 

.49 

(1) 

.76 

(2) 
1.3 

(3) 
1.3 

(4) 
73 


CD 

(4) 

(2) 

(31 

.93 

1.5 

3.1 

4.6 

(4) 

CI) 

(2) 

(31 

1.8 

2.9 

3.7 

4.3 

(4) 

(1) 

(3) 

(2) 

6.7 

8,5 

10 

13 

(4) 

(31 

.1) 

(21 

46 

66 

69 

75 

(4) 

(1) 

(3) 

(21 

36 

55 

69 

76 

(4) 

CD 

(31 

(21 

18 

y> 

38 

50 

(4) 

(U 

(3) 

(21 

2.0 

2.6 

2.7 

3.0 

(4) 

(i) 

(3) 

(21 

1.8 

2.4 

2.6 

3.1 

(4) 

i  D 

(31 

(21 

8.3 

n 

14 

18 

(3) 

(2) 

(41 

(11 

1.1 

1.4 

1.4 

1.6 

(3) 

(2) 

'4) 

(1) 

1.5 

1.8 

1.8 

2.0 

(31 

14) 

1  11 

(21 

1.5 

1.7 

1.7 

1.8 

(3) 

-  .  i 

(1) 

(.0 

21 

23 

28 

28 

'41 

(1) 

(2) 

(31 

.86 

.89 

1.3 
(31 

1.3 

(4) 

(  11 

(21 

.77 

1.1 

1.  i 

1.6 

(4) 

(3) 

(11 

(21 

400 

490 

500 

710 

(4) 

(1) 

(3) 

(?) 

360 

420 

560 

830 

(4) 

(3) 

(11 

(21 

22 

32 

34 

41 

(4) 

(1) 

(3) 

(21 

19 

26 

34 

44 

(3) 

(2) 

(41 

(11 

64 

79 

83 

95 

(4) 

i  1) 

n) 

(21 

6.0 

7.6 

12 

14 

(31 

(21 

(1) 

(4) 

27 

27 

30 

31 

(2) 

1  |) 

(1) 

(41 

26 

26 

29 

32 
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240 
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(41 

.n 

(21 

(11 

.26 

.28 

.32 

.32 

(41 

(11 

(31 

(21 

.23 

.28 

.31 

.32 

(4) 

(11 

(31 

(21 

57 

77 

86 

100 

(31 
78 

i  11 
91 

(2) 
93 

(11 
78 

(31 
79 

(21 
93 
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Table  29. — Summary  statistics  of  element  concentrations  and  pH  in  soil  samples 
that  do  not  have  significant  differences  between  soil  groups. 

r Values,  parts  per  million  except  as  noted  percent.   Statistics 
estimated  from  16  samples,  logarithmic  data  except  as  noted 
nonlog"1 

Soil  Geometric   Geometric   Geometric  Expected  957, 

Element horizon mean      deviation  error range 

As A  7.6  1.38  1.13  4.2-14 

C  7.3  1.47  1.15  3.6-15 

B A  43  1.17  1.03  32-59 

C  41  1.28  1.20  29-57 

Ba  C  >80  1.16  1.12  400-580 

Be  A  1.9  1.41  1.19  1.1-3.4 

C,  organic,           A  1.2  1.33  1.09  .70-2.1 

percent  — 

C  .59  2.41  1.19  .11-3.3 

Ce A  56  1.57  1.36  29-110 

Co A  9.7  1.41  1.18  5.3-18 

Cu A  36  1.44  1.34  23-56 

F,  percent  A  .055  1.19  1.07  .04-. 08 

C  .058  1.26  1.06  .037-. 091 

Ga A  13  1.45  1.26  7.3-23 

Ge A  13  1.27  1.18  9.2-18 

Hg C  .03  1.46  1.25  .02-. 05 

Li  c  24  1.24  1.03  16-37 

1/ 

Na,  percent---       A  .72  .19  .040  .35-1.1 

C  .77  .22  .026  .33-1.2 

Nb A  8.4  1.56  1.39  4.6-15 

Pb A  7.7  1.55  1.36  4.1-14 

Rb c  73  1.21  1.10  52-100 

Sc  A  10  1.42  1.23  5.7-18 

Sn C  1.2  1.22  1.13  .88-1.6 

Sr  A  210  1.25  1.09  140-320 

Th  --- A  9.9  1.15  1.09  7.9-12 

C  9.9  1.16  1.09  7.8-13 

U A  3.0  1.13  1.04  2.4-3.8 

C  3.4  1.21  1.06  2.4-4.9 

V a  87  1.27  1.13  58-130 

Y A  24  1.19  1.13  19-31 

C  23  1.29  1.24  18-30 

Yb A  3.2  1.26  1.16  2.2-4.6 

Zr A  300  1.29  1.21  210-420 

1/ 

pH- A  8.1  .34  .21  7.6-8.6 

C  8.4  .40  .34  8.0-8.8 

1/ 
—  Nonlog  data,  arithmetic  mean,  standard  deviation,  and  standard  error  given. 
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In  general,  most  of  the  other  elements  including  chromium,  cobalt, 
copper,  gallium,  manganese,  nickel,  scandium,  strontium,  titanium, 
vanadium,  and  zinc  also  have  the  highest  concentrations  in  the  residual 
soil  materials.   Other  elements  such  as  germanium,  lithium,  potassium, 
rubidium,  and  silicon  tend  to  be  more  concentrated  in  the  alluvial  soils 
of  group  1 . 

The  sodium  values  of  all  soil  groups  are   not  at  all  unusual  when 
compared  with  numerous  other  soils  developed  on  the  Fort  Union  Formation 
in  other  parts  of  the  region.   The  apparent  failure  to  confirm  a 
salinity  condition  that  was  predicted  from  the  taxonomic  designation 
reflects  the  level  of  mapping  intensity.   More  detailed  information  is 
needed  for  localities  of  interest.   Reliable  indicators  that  can  be  used 
include  the  presence  of  halophytic  vegetation,  the  occurrence  of  barren 
pan  spots,  or  the  measurement  of  conductivity  soil  extracts. 

For  those  elements  that  exhibit  significant  differences  at  the  group 
level,  more  than  kOt   of  the  total  variance  measured  in  the  element  has 
been  accounted  for.   The  variance  may  reflect  factors  such  as  the  original 
mineralogy  and  the  course  of  weathering  processes  that  are    incorporated 
in  the  group  concept.   The  differences  between  soil  groups  were  similar 
regardless  of  what  soil  horizon  was  sampled,  except  that  a  few  more 
elements  were  significant  in  the  C-horizon.   This  suggests  at  least  two 
alternate  conditions:   if  two  unstratified  soil  profiles  both  had  chemically 
similar  A-horizons,  then  it  is  probable  that  the  C-horizons  will  also 
be  similar.   Alternatively,  two  profiles  that  are  chemically  stratified 
because  of  either  different  mineral  material  or  differential  leaching  of 
soluble  constituents  may  have  chemically  similar  A-horizons  but  chemically 
dissimilar  C-horizons. 

There  are   no  important  differences  between  the  soil  groups  in  terms 
of  the  primary  minerals  with  the  exception  of  calcite  and  dolomite. 
Calcite  occurs  in  larger  amounts  in  the  upland  positions  where  soils  are 
often  shallow  and  the  parent  material  has  a  dominant  influence. 
Differences  for  dolomite  are    less  distinct  than  for  calcite  but  larger 
amounts  are   associated  with  upland  positions. 

The  predominant  clay  minerals  occur  in  about  equal  proportions  of 
interlayered  montmor i 1  Ion i te- i 1 1 i te,  separate  illite,  and  kaolinite  with 
minor  amounts  of  chlorite  and  vermiculite.   The  influence  of  these  mineral 
types  on  the  engineering  properties  of  the  soils  increases  in  the  order 
kaol i n i te< i 1 1 i te<montmori 1 loni te  (Mitchell,  1976).   Chlorite  is 
approximately  in  the  range  of  kaol i n i te- i 1 1 i te  and  vermiculite  is 
approximately  equal  to  i 1 1 i te-montmor i 1  Ion i te .   The  engineering  behavior 
is  largely  a  function  of  the  swelling  and  shrinking  of  the  clay  minerals 
upon  wetting  and  drying. 
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Moisture  Relations  in  Soils 

Moisture  regimens  in  soils,  which  function  as  reservoirs  for  water 
used  by  native  vegetation,  are   a  product  of  the  semi-arid  climate 
characteristic  of  the  Hanging  Woman  Creek  study  area.      Approximately 
one-fourth  of  the  moisture  arrives  as  snow  during  the  period  when  vegetation 
is  dormant  (USDA,  19^0-   Snow  is  subject  to  redistribution  by  winds; 
hence,  the  quantity  that  falls  on  a  site  is  not  necessarily  available  for 
infiltration  and  storage  when  the  snow  melts.   Moisture  stored  in  soils 
as  a  result  of  snowmelt  is  supplemented  by  water  derived  from  spring  and 
early  summer  rains.   Peak  storage  probably  occurs  near  the  end  of  the 
snowmelt  period.   Maximum  runoff  from  the  surface  probably  occurs  under 
conditions  where  an  intense  rainstorm  occurs  coincident  with  periods  of 
maximum  moisture  storage  in  soils. 

Void  space  and  quantity  of  surface  available  to  store  water  are  the 
two  factors  that  control  moisture  relations  in  soils.   These  two  factors 
are,  therefore,  the  basis  for  the  concepts,  analyses,  and  interpretations 
presented  in  this  section.   A  complete  discussion  of  the  concepts  used 
has  been  presented  by  Miller  and  McQueen  (1978). 

Soils  associated  with  plant  communities,  occupying  the  various  habitats 
occurring  naturally  in  the  area,  were  sampled  in  September  1976.   Locations 
of  the  sampling  sites  are    shown  on  Figure  26.   All  the  measurements 
required  to  define  moisture  relations  were  obtained  as  products  of  the 
method  of  McQueen  and  Miller  (1968)  for  measuring  the  force  with  which 
moisture  is  retained.   The  data  resulting  from  these  measurements  are  listed 
in  Appendix  H.   The  retention  force  is  determined  from  the  moisture  content 
of  standard  filter  papers  at  equilibrium  with  moisture  in  samples  augered 
from  consecutive  depth  increments  in  soil  profiles.   All  the  soil  obtained 
from  each  auger  increment  is  retained  so  that  the  volume  weight  (VW) ,  or 
weight  per  unit  volume,  which  is  the  same  as  bulk  density,  can  be  determined. 
Amounts  of  void  space  influence  infiltration  and  storage  of  water.   Void 
moisture  capacity  (VMC)  is  a  measure  of  the  quantity  of  water  contained 
when  all  of  the  voids  in  the  soil  are    filled.   Void-moisture  capacity  values, 
in  percent  of  dry  weight,  are  computed,  assuming  that  soil  particles  have 
a  density  of  2.65  g/crrK  and  that  the  density  of  water  is  1  g/cnv.   The 
equation  used  is:  .      . 

VMC  "  <W  "  Tld 

This  relationship  is  presented  graphically  in  Figure  27-   The  influence 
of  differences  in  amounts  of  adsorptive  surface  in  soils  on  quantities 
of  water  that  can  be  retained,  over  the  moisture  range  from  saturation 
to  ovendry,  were  determined  using  the  modeling  technique  proposed  by 
McQueen  and  Miller  (197*0-   The  soil,  for  which  a  graphic  model  is  presented 
in  Figure  28,  has  one-half  the  adsorptive  surface  per  unit  of  weight 
adsorbed  as  mul t imol ecular  films  to  external  surfaces  of  soil  particles, 
are  consistently  one-half  the  quantities  adsorbed  to  surfaces  of  fibers 
in  the  paper. 
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Figure   27.     Relationship   Used  to  Determine  Void -Moisture   Capacity  (VMC) 
of  Soils  from  Volume  Weight  (VW). 
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Figure    28.     Calibration   Relationships   (McQueen  and   Miller,  1968)   for 

Determining    Moisture- Retention  Force  from  Moisture  Content  of 
Standard   Filter  Papers   at   Equilibrium    with  Moisture  in  Samples 
of  Soil,  and   Graph  Illustrating   Similar  Relations  in  a  Soil 
with  One-Half  the  Adsorptive   Surface. 
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A  similar  graphic  model  of  moisture  content-retention  force 
relationships  can  be  created  for  any  sample  of  soil  if  moisture  content 
and  retention-force  data  are  acquired  under  conditions  where  only  adsorbed 
water  is  present.   The  line  representing  quantities  of  water  adsorbed  is 
extended  down  from  ]0b-^->   g/cmz  on  the  vertical  axis  through  a  point 
representing  the  moisture  content  of  the  soil  and  the  retention  force 
determined  from  the  filter  paper  at  equilibrium  with  the  soil.   Soils  that 
contain  expanding  latice  clays,  unlike  the  filter  paper,  can  adsorb  water 
within  their  structure.   There  is  evidence  (Miller  and  McQueen,  1972)  that 
this  occurs  under  conditions  where  retention  forces  exceed  105  g/crrr. 

Water  adsorbed  as  mu 1 t imolecu 1 ar  films  tends  to  drain  down  from  the 
adsorption-moisture  capacity  (AMC)  level  where  16  molecular  layers  are 
adsorbed  and  the  retention  force  is  10^  or  1  g/cm^.   Drainage  continues 
to  the  moisture-retention  capability  (MRC)  level  where  10  molecular  layers 
remain  adsorbed  and  the  retention  force  is  222  or  102-346  g/CIT/.   The 
retention  force  increases  from  1  to  2.46  and  gradually  to  6.05,  36.6,  and 
finally  to  222  g/cm2  as  drainage  slows  proportionately.   The  final  large 
increase  results  in  drainage  becoming  insignificant  at  the  MRC  level  where 
the  retention  force  is  102-346  or  222  g/cm2.   During  this  process,  the 
retention  force  increases  2.46  times  as  each  molecular  layer  of  water  is 
desorbed.   The  logarithm  of  2.46  is  0.391;  therefore,  the  exponent  of  the 
retention  force  increases  by  0.391  as  each  molecular  layer  is  desorbed. 

Molecular  dimensions  of  void  spaces  in  a  given  depth  increment  of 
soil  can  be  used  to  approximate  infiltration  rates.   The  average  size  of 
voids  available  for  infiltration  and  storage  of  water  can  be  approximated 
in  terms  of  molecular  dimensions  of  water.   This  is  done  by  dividing 
VMC  values  by  MRC  values  and  multiplying  by  10,  because  10  molecular  layers 
are  adsorbed  at  the  MRC  level.   Infiltration  data  at  sites  where  a  large 
ra infal 1 -s imulat i ng  i nf i 1 trometer  (Lusby  and  Toy,  1976)  was  used  were 
made  available  by  Lusby  (unpublished  data,  1976)  for  comparison  with 
void-dimension  data.   The  data  plot  has  a  linear  relationship  (Figure  29) 
that  permits  estimation  of  rates  of  infiltration  within  confidence  limits 
of  plus  or  minus  9  mm/hr.   Since  void  size  and  adsorptive  surface  are 
controlling  factors,  the  relationship  is  applicable  anywhere. 

Quantities  of  water  that  can  be  present  in  soils  between  the  limits 
provided  by  VMC  and  minimum  levels  of  storage  (MS)  are  divided  into 
adsorbed  and  drainable  portions  as  shown  in  Figures  30  through  36. 
Adsorbed  moisture  (AMC)  is  computed  as  the  difference  between  MRC  and 
MS  values.   Drainable  moisture  is  computed  as  the  difference  between 
VMC  and  MRC  values.   Both  are  computed  to  the  depth  where  drainable 
moisture  is  capable  of  occurring.   Moisture  contents  initially  computed 
as  percent  of  the  dry  weight  of  soil  are  converted  to  numbers  indicating 
depths  of  adsorbed  or  drainable  water.   This  is  done  by  multiplying  percent 
moisture  by  the  average  VW  of  the  depth  increment  involved.   The  product 
of  this  multiplication  is  then  multiplied  by  the  depth  of  the  soil  increment, 
The  result  is  the  amount  of  water  expressed  as  a  depth  of  water  in 
mill imeters  (mm) . 
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Figure  29.    Relationships  between    Size  of  Voids  and    Rate  at  which 
Water  Infiltrates  into  Soils.    Dashed   Line  Represents 
Confidence   Limits   Based  on  the  Standard   Error  of 
Estimate  Obtained  for  the  Data. 
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Study  Sites 

Habitats  ranging  from  flood  plains  to  hilltops  were  sampled  in  the 
Hanging  Woman  Creek  study  area.   Sites  are  grouped  for  discussion 
on  the  basis  of  gross  similarities  in  geomorphic  position  so  that  soil 
variables  influencing  use  of  water  by  vegetation  could  be  determined. 
This  information  should  be  useful  for  determining  if  factors  essential 
to  reproducing  the  habitat  can  be  reestablished  when  soil  materials 
are  repositioned  after  coal  has  been  removed.   Consideration  should 
also  be  given  to  determining  if  more  productive  habitats  can  be  created 
by  reconstructing  soils  in  a  different  manner. 

Proportions  of  different  kinds  of  vegetation,  mulch,  and  bare 
soil  occurring  naturally  in  each  habitat  were  determined  from  the  first 
contact  made  with  a  pin  along  a  transect  100  paces  long. 

Flood  Plains 

Shrubs  with  roots  that  imbibe  ground  water  and  subsequently  exude  it 
into  soil  near  the  surface  where  it  can  be  used  by  grasses  occur  in 
frequently  flooded  areas  (Table  30).   Such  a  mechanism  was  proposed  as  a 
result  of  an  investigation  of  the  moisture  relations  of  shrubs  growing  on 
a  low  river  terrace  in  Arizona  (McQueen  and  Miller,  1972).   Shal low- rooted 
grasses  and  solar  radiation  remove  the  water  from  the  upper  soil  zone  to 
where  the  adsorbtive  and  osmotic  stresses  become  greater  in  the  soil  than 
the  forces  on  the  waters  in  the  roots.   Then,  water  moves  from  the  roots 
into  the  dry  soil,  thus  making  additional  water  available  to  the  grasses 
beyond  moi sture  .that  enters  the  soil  at  the  surface. 

Table  30. --Kinds  and  proportions  of  cover  and  average  retention 
force  at  sampling  time  for  flood  plain  sites. 


Cover  (percent, 


Site  H-l 


Site  H-l 1 


Bare  soi  1 

Mulch 

Forbs 

Western  wheatgrass 

Si  1 ver  sagebrush 

Greasewood 

Sa 1 tgrass 


2 

3 

57 

38 


5 
13 

1 
38 

2 
27 


Retention  force  (g/crrr) 


186 


513 
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Water  tables  were  encountered  at  a  depth  of  9-8  ft  (3  m)  at  both  sites 
in  Figure  30.   Water  retained  at  forces  lower  than  the  MRC  was  present 
above  the  water  table  at  both  sites.   This  occurred  to  the  theoretical 
capillary  limit  of  7-2  ft  (2.2  m)  above  the  water  table  at  Site  H-l  where 
the  soil  exhibited  intermediate  to  low  MRC ' s  at  all  depths.   It  occurred 
to  a  height  of  only  5-2  ft  (1.6  m)  at  Site  H  —  1 1  where  the  soil  had 
intermediate  to  high  MRC ' s .   Moisture  was  also  depleted  to  lower  levels 
of  storage  and  to  greater  depths  in  the  finer-textured  alluvium  (Site  H— 11, 
Figure  30) . 

Wetting  from  the  surface  is  impeded  by  a  layer  of  very  fine  soil 
present  below  the  1.7  ft  (0.5  m)  depth  at  Site  H-ll.   This  has  resulted  in 
voids  that  limit  the  moisture  content  to  less  than  MRC  levels.   The  retention 
force,  where  nine  molecular  layers  are  present,  is  sufficient  to  prevent 
drainage  to  greater  depths.   As  a  result,  vegetation  must  use  more  water 
from  the  capillary  fringe  and  more  of  the  total  water  stored  in  the  surface 
soil.   The  higher  level  of  sorption  force  required  to  obtain  the  necessary 
water  (Figure  30,  Table  30)  has  resulted  in  a  difference  in  plant  cover. 
Western  wheatgrass  and  silver  sagebrush  dominate  the  site  with  good  drainage 
(H-l)  while  greasewood  and  saltgrass,  as  well  as  western  wheatgrass, 
predominate  at  the  site  with  impeded  drainage. 

The  presence  of  fresh  sediment  at  the  surfaces  of  both  sites  results 
in  poor  structure.   This  is  reflected  by  the  relatively  small  amount  of 
void  space.   Infiltration,  as  computed  by  the  relationship  in  Figure  29, 
is  limited  to  approximately  32  in/hr  (8  mm/hr) .   Prolonged  flooding  would 
be  required  to  saturate  available  voids  at  both  sites;  although,  total 
runoff  would  occur  sooner  at  Site  H-l. 

If  sites  such  as  these  are   mined,  they  will  not  be  suitable  for 
reestab 1 i shment  of  shrub  vegetation  until  ground  water  levels  recover. 
Grassy  vegetation,  however,  could  be estab 1 i shed  similar  to  that  present  in 
swales  having  deep  soils  and  no  ground  water. 

Alluvial  Terraces  with  Silver  Sagebrush 

Alluvial  terraces  with  a  cover  of  silver  sagebrush  or  big  sagebrush, 
midgrasses,  and  short  grasses  (Table  31)  have  low  to  medium  MRC ' s .   Site  H-2 
is  Haverson  loam;  Site  H-*4  occurs  on  McRae  loam;  while  Site  H - 1 5  occurs  on 
Fort  Collins  loam.   The  soils  are  presented  in  order  of  increasing  MRC 
(Figure  31)-   Silver  sagebrush  apparently  obtains  some  moisture  from  the 
capillary  zone  above  the  water  tables  at  these  sites.   Ground  water  is  closer 
to  the  surface  in  the  Fort  Collins  loam  (Site  H- 1 5) -   As  a  result,  the 
average  level  of  retention  force  achieved  in  the  process  of  obtaining  water 
for  plant  growth  is  less  (Table  30-   Proximity  of  ground  water  to  the  surface 
of  the  Fort  Collins  soil  (Site  H-15,  Figure  31)  has  resulted  in  less 
depletion  of  moisture  stored  in  lower  portions  of  the  solum  than  is  evident 
in  the  McRae  soils  (Sites  H-2  and  H-4,  Figure  31)- 

Initial  rates  of  infiltration  into  these  soils  (Figure  31)  as 
approximated  from  Figure  29  are  1.3,  1-7,  and  1.1  in/hr  (3-5,  *♦ ,  ^ ,  and 
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Figure  30. --Moi sture  relations  in  habitats  occurring  on  flood  plains 
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2.9  cm/hr)  for  Sites  H-2,  H-k,    and  H- 1 5 ,  respectively.   Drainage  is  impeded 
at  some  depth  in  all  three  so  iTs  by  voids  smaller  than  AMC  levels.   The 
restrictions  are  at  2.7  ft  (0.85  m)  in  soil  H-2,  and  at  9-8  in  (0.25  m)  in 
soils  H-k   and  H-15  (see  Figure  31)-   The  head  required  to  cause  drainage 
past  these  depths  is  equivalent  in  centimeters  to  the  retention  force  in 
g/cm  associated  with  the  number  of  molecular  layers  adsorbed.   Average 
permeability  to  the  impeding  depths  computed  from  average  void  capacities 
and  using  Figure  29  are  1.0,  1.1,  and  0.8  in/hr  (2.6,  2.8,  and  2.1  cm/hr). 
It  would,  therefore,  require  a  minimum  of  approximately  12  hours  to  recharge 
the  soil  zone  above  2.7  ft  (0.85  m)  at  Site  H-2  from  MS  to  VMC  levels.   It 
would  require  only  h.S   and  6.7  hours  to  recharge  the  upper  9-8  in  (0.25  m) 
of  soil  at  Sites  W-k   and  H-15-   The  lesser  amounts  of  water  stored  above  the 
impeding  depth  at  Sites  H-k   and  H-15  result  in  smaller  proportions  of  plant 
cover  than  at  Site  H-2  as  indicated  by  the  bare  soil  data  in  Table  31. 

Table  31 -""Kinds  and  proportions  of  cover  and  average  retention 

force  at  sampling  time  for  alluvial  terrace  sites  with 
silver  sagebrush  present. 


Cover  (percent) 


Site  H- 

•2 

Si 

te  H- 

-h 

Si 

te  H-15 

15 

19 

33 

6 

16 

18 

9 

18 

k 

\k 

Bare  soi 1 

Mulch 

Forbs 

Si  1 ver  sagebrush 

Big  sagebrush 

Fringed  sagebrush 

Western  wheatgrass 

Needl e-and-thread  grass 

Sandberg  bluegrass 

Cheatgrass 

Blue  grama  grass 

Prickly  pear  cactus 


22 

23 

2 


]h 


1 


k 

3 

18 


Retention  force  (g/crrr) 


25,119 


27,5^2 


3,631 


After  the  soil  moisture  is  recharged  above  the  impeding  layer,  the 
infiltration  rate  at  the  soil  surface  is  controlled  by  the  rate  of  flow 
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Figure  3 1 . --Moi sture  relations  in  soils  on  alluvial  terraces  with 
silver  sagebrush  present. 
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past  the  impeding  layer.  Because  of  this,  more  runoff  could  occur  from 
prolonged  storms  than  would  be  indicated  by  infiltration  rates  measured 
at  or  computed  for  the  soil  surface. 

Quantities  of  water  that  can  be  stored  in  surface  soils  are  seemingly 
responsible  for  differences  in  kinds  of  grasses  occurring  with  shrubs  using 
ground  water.   Needl e-and-thread  grass  occurs  with  western  wheatgrass  at 
Site  H-2  because  up  to  12.44  in  (316  mm)  of  water  can  readily  enter  the 
soil  as  compared  to  only  4.8  and  5-6  in  (122  and  142  mm)  at  Sites  H-4  and 
H- 1 5 •   The  smaller  quantities  of  stored  water  result  in  the  predominance  of 
blue  grama  grass  at  Site  H-4  while  western  wheatgrass  predominates  at  Site 
H-15  where  water  is  more  readily  derived  from  a  shallower  water  table. 

Assuming  saturation  of  horizons  above  the  restricting  zone,  retention 
force  per  millimeter  of  water  desorbed  can  be  computed.   Any  water  in  excess 
of  retention  capability  levels  will  drain  to  greater  depths  past  the 
restricting  zone,  so  the  average  retention  force  achieved  in  the  solum  is 
divided  by  quantities  of  water  involved.   This  procedure  indicates  that 
79  g/crrr  of  force  are  required  to  obtain  water  under  midgrasses  as  compared 
to  225  g/crrn  under  blue  grama,  a  short  grass.   The  possibility  of  water 
from  the  capillary  fringe  being  available  to  western  wheatgrass  in  the  Fort 
Collins  soil  invalidates  a  similar  comparison.   Energy  required  per  unit  of 
water  desorbed,  therefore,  appears  to  influence  the  kind  of  vegetation 
present. 

Alluvial  Terraces  with  Greasewood  Present 

Greasewood  occurs  with  grasses  (Table  32)  on  alluvial  terraces  where 
the  MRC  of  the  soil  varies  from  intermediate  to  high  (Figure  32).   Site  H-5 
is  Greeley  s i 1 ty  clay  loam;  Site  H-3  is  in  Lohmiller  s i 1 ty  clay  loam;  and 
Site  H-12  occurs  in  an  Arvada-Bone  clay  complex.   Sodium  derived  from 
decomposing  leaves  of  greasewood  (Fireman  and  Hayward,  1952)  has  apparently 
induced  poor  soil  structure  at  the  surface  of  these  soils.   Void-moisture 
capacities  (VMC's)  at  the  surface  only  slightly  exceeds  MRC  levels.   As  a 
result,  infiltration  will  be  impaired  after  storage  up  to  MRC  levels  has  been 
replenished.   Void  capacities  (VMC's)  indicate  that  wetting  will  probably 
occur  at  a  rate  not  to  exceed  .5  in/hr  (1.5  cm/hr) .   Since  infiltration  is 
limited,  water  is  apparently  also  being  supplied  to  vegetation  from  ground 
water.   The  trend  toward  lower  retention  forces  with  depth  in  the  solum 
confirms  this  possibility.   Lower  portions  of  the  solum  are   not  within 
7.2  ft  (2.2  m)  of  the  water  table,  so  a  mechanism  other  than  capillary  rise 
is  responsible  for  supplying  the  water.   It  is  probably  exuded  from  the  roots 
of  greasewood,  which  penetrate  to  the  water  table,  when  the  water  passes  in 
the  roots  through  drier  soil  near  the  surface.   Void  space  in  excess  of  MRC 
levels  is  still  present  below  the  surface  soil.   These  voids  are  apparently 
relics  of  the  past  when  soils  at  the  surface  had  better  structure. 
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Table  32. --Kinds  and  proportions  of  cover  and  average  soil  moisture 
retention  force  for  the  profile  at  time  of  sampling  at 
sites  on  alluvial  terraces  with  greasewood  present. 


Cover  (percent) 


Site  H-5 


Site  H-3 


Site  H-12 


Bare  soi 1 

Mulch 

Greasewood 

Western  wheatgrass 

Blue  grama  grass 

Sandberg  bluegrass 

Japanese  bromegrass 

Big  sagebrush 

Fringed  sagebrush 

Prickly  pear  cactus 

Cheatgrass 

Forbs 

Sal  tgrass 


27 
2 
12 
30 
10 
3 
10 

3 
2 

1 


30 
10 
10 
30 
12 
1 


30 
k 

28 
21 

k 
k 


Retention  force  (g/cm2) 


6,982 


8,128 


^,570 


Since  only  the  surface  soil  has  been  influenced  by  sodium  from 
greasewood,  it  should  be  removed  and  not  replaced  on  the  surface.   Considera- 
tion could  be  given  to  using  fine-textured  soils  associated  with  greasewood 
as  subsoils  and  placing  coarse  to  medium-textured  alluvium  associated  with 
silver  sagebrush  as  surface  soils.   This  would  result  in  an  optimum  habitat 
for  native  grasses. 

Grass-Covered  Swales 

Grass  is  the  predominant  cover  in  areas  mapped  as  Arvada  s i 1 ty  clay 
loam  (Sites  H- 1 3  and  H-16,  Figure  33).   These  areas  lie  upslope  from  areas 
where  greasewood  occurs.   These  grasslands  have  apparently  received  alluvium 
from  upslope  as  they  occur  in  wide  swales  that  drain  uplands.   Shallow 
ground  water  apparently  is  not  present  within  these  grassland  soils  (Table  33) 
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Figure  32--Moisture  relations  in  soils  on  alluvial  terraces  where 
greasewood  is  present. 
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Table  33-"~Kinds  and  proportions  of  cover  and  average  soil  moisture 

retention  force  in  the  solum  at  time  of  sampling  for  sites 
in  grass-covered  swales. 


Cover  (percent)  Site  H- 1 3  Site  H-16 

Bare  so  i  1  11                   12 

Mulch  9                    6 

Western  wheatgrass  33                   16 

Japanese  bromegrass  16                  hi 

Green  needlegrass  17 

Blue  grama  grass  12                   k 

Winterfat  13 

Prickly  pear  cactus  5                   3 

Forbs  1 

Retention  force  (g/cm2)  33,884  33,113 


Void-moisture  capacities  (VMC's)  approach  MRC  levels  at  relatively 
shallow  depths  in  both  soils,  so  infiltration  rates  determined  using 
Figure  29  will  soon  slow  to  about  .Ok    in/hr  (1.5  cm/hr)  as  the  soil  is 
being  wetted.   Levels  of  moisture  depletion  resulting  from  evaporation  and 
transpiration  are  grossly  similar  in  both  profiles  (Figure  33)-   Moisture 
storage  at  the  end  of  the  growth  period  ranges  from  six  molecular  layers 
at  the  base  of  the  solum  to  three  molecular  layers  near  the  surface.   At  the 
immediate  surface  evaporation  has  depleted  storage  to  the  level  where  only 
two  molecular  layers  remain  adsorbed.   Storage  was  not  at  a  minimum  in 
these  soils  because  evaporation  can  deplete  moisture  to  the  level  where  one 
molecular  layer  remains  adsorbed  and  the  dominant  vegetation  can  deplete 
moisture  to  the  level  where  three  molecular  layers  remain  adsorbed  (Miller 
and  McQueen,  1978).   This  means  that  there  were  moisture  reserves  present 
in  the  soil  at  the  end  of  the  growth  period.   Some  of  these  reserves  will, 
no  doubt,  migrate  to  the  surface  as  vapor  when  surface  soils  become  cooler 
than  subsoils.   These  soils  are  quite  similar  to  the  soils  with  a  cover  of 
greasewood  in  terms  of  moisture-retention  characteristics.   The  plant  cover 
they  support  should  be  indicative  of  the  productive  potential  of  greasewood 
areas  if  soil  structure  can  be  improved  by  eliminating  salts  and  sodium 
extracted  from  ground  water  by  greasewood.   These  low  areas  probably  receive 
extra  snow  blown  off  adjacent  uplands.   If  this  water  can  be  retained  on  the 
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Figure  33  •  "Mo  i  sture  relations  in  soils  occurring  in  swales  with 
a  cover  of  grasses. 
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surface  by  tall  vegetation  or  in  furrows,  adequate  structure  should  result. 
Leaching  of  salts  including  sodium  occurs  under  these  conditions  (Branson, 
Miller,  and  McQueen,  1962). 

Gently  Sloping  Uplands 

Midgrasses  and  shortgrasses  with  scattered  big  sagebrush  predominate 
the  cover  on  gently  sloping  uplands  (Table  3^,  Figure  3*0  •   The  three  sites 
were  all  sampled  in  areas  occupied  by  the  Midway  or  Thedalund  soils.   Depth 
to  bedrock  decreased  with  distance  upslope,  so  the  data  are  presented  to 
illustrate  differences  with  distance  upslope.   The  major  influence  of  depth 
to  bedrock  is  on  void  characteristics.   In  the  deepest  soil  (Site  H-6) ,  voids 
diminish  to  MRC  levels  at  a  depth  of  11.8  in  (0.3  m)  while  voids  exceed  MRC 
levels  at  all  depths  in  the  more  shallow  soils  (Sites  H-7  and  H- 1 7 ) -   Water 
apparently  replenishes  soils  to  MRC  levels  in  the  deeper  soil,  but  when 
migration  to  greater  depths  is  impeded  by  bedrock,  water  accumulates 
separating  the  soil  particles.   This  results  in  creation  of  larger  void 
spaces.   The  size  of  voids  becomes  restricted  to  less  than  AMC  levels  where 
16  molecular  layers  are  adsorbed  in  the  surface  horizon  on  all  three  soils, 
but  voids  are  less  restricted  in  the  shallower  soils  where  perching  of  water 
forces  soil  particles  apart.   Voids  at  greatest  depths  probably  fill  as  a 
result  of  water  accumulating  from  rains  draining  to  depth  over  layers  of 
water  previously  acquired  from  snowmelt.   Infiltration  past  the  restricting 
depths  is  possible  at  rates  of  .05,  .06,  and  .07  in/hr  (1.4,  1.7,  and 
1.8  cm/hr)  while  average  rates  of  infiltration  in  the  surface  horizon  would 
be  .07,  .07,  and  1.0  in/hr  (1.8,  1.8,  and  2.6  cm/hr).   At  maximum  rates  of 
infiltration,  it  would,  therefore,  require  approximately  7-0,  6.5  and  3-6 
hours  to  saturate  the  surface  horizons  of  these  soils  to  the  point  where 
runoff  would  occur.   The  capacity  to  store  moisture  in  excess  of  MRC  levels 
is  apparently  utilized  because  the  average  maximum  retention  force  achieved 
in  the  solum  is  less  in  soils  with  large  void  storage  capabilities  (Table  3*0  • 

Sagebrush  eradication  and  replacement  with  grass  is  a  range  management 
practice  that  would  normally  be  considered  on  sites  of  this  type  (Shown 
and  others,  1969).   Because  of  this,  it  should  not  be  considered  essential 
to  reestablish  sagebrush.   A  cover  of  grass  would  result  in  more  efficient 
use  of  the  limited  soil-water  resources  available  in  the  area. 
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Table  3^.  --Kinds  and  proportions  of  cover  and  average  moisture 
retention  force  in  the  solum  at  the  time  of  sampling 
on  gently  sloping  uplands. 


Cover  (percent) 


Site  H- 

■6 

Site  H- 

■7 

Site  H-17 

23 

ko 

20 

6 

k 

k 

10 

19 

33 

7 

2 

5 

7 

15 

10 

12 

2 

1 

13 

13 

15 

7 

4 

10 

2 

A 

Bare  soi 1 

Mulch 

Western  wheatgrass 

Green  needlegrass 

Ha  i  ry  chess  grass 

Blue  grama  grass 

Sandberg  bluegrass 

Big  sagebrush 

Winterfat 

Fringed  sagebrush 

Snakeweed 

Prickly    pear   cactus 


Retention   force    (g/cm2)        45,709  23,988  12,529 


Breaks 

Weathered  parent  rock  lies  close  to  the  surface  on  the  tops  and  sides 
of  ridges  that  divide  drainage  areas.   The  sites  presented  in  Figure  35 
occur  in  close  proximity  to  each  other  in  an  area   mapped  as  a  mixture  of 
Mi dway-Thedal und  soils.   The  plant  cover  on  these  sites  is  quite  variable 
(Table  35)-   Broom  snakeweed  and  big  sagebrush  are  the  only  species  common 
to  all  sites.   Areas  of  this  character  are  often  referred  to  as  "breaks". 

Voids  in  the  upper  one-half  of  these  soils  will  readily  drain  but 
drainage  is  restricted  in  the  weathered  bedrock  beneath  where  VMC  is  less 
than  MRC  levels  (see  Figure  35)-   The  capacities  of  the  drainable  voids 
are  rather  small  (1.9,  -9,  and  3-9  in  (50,  22,  and  99  mm)  of  water).   The 
voids  at  Site  H~9  where  greasewood  occurs  appear  to  have  become  more 
restricted  below  7-8  in  (0.2  m)  than  they  may  have  been  in  the  past.   This 
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Figure  3*t. — Moisture  relationships  in  soils  on  gently  sloping  uplands 
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38 
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9 

1 

12 

6 

15 

10 

is  probably  the  result  of  sod  ijjm  from  greasewood  leaves  def  loculat  i  ng  the 
soil  (Fireman  and  Hayward,  1952).   The  other  two  sites  have  voids  that 
diminish  gradually  with  depth  into  less  weathered  material. 

Table  35-~~l<inds  and  proportions  of  cover  and  average  retention 

force  in  the  solum  at  the  time  of  sampling  in  the  breaks. 


Cover  (percent) 

Bare  soi 1 

Mulch 

Broom  snakeweed 

Big  sagebrush 

Hoods  phlox  5 

Mountain  muhly  29 

Sandberg  bluegrass  10  20 

Blue  grama  grass  3 

Greasewood  10 

Western  wheatgrass  8 

Wi Id  buckwheat  2 

Bluebunch  wheatgrass  31 

Green  needlegrass  1 

Retention  force  (g/cm2)     6,606         8,709  ^,406 

Moi sture- retent ion  forces  achieved  at  the  end  of  the  growth  period 
are  rather  low  in  all  of  these  soils  (Table  35).   An  explanation  for  this 
may  be  that  available  voids  are  filled  with  water  during  wet  periods  making 
portions  of  the  stored  water  available  to  plants  with  the  expenditure  of 
very  little  energy.   Runoff  from  these  areas  will  occur  when  available  voids 
are   filled.   Average  infiltration  rates  are  .8,  .6,  .8  in/hr  (2.1,  1.6, 
and  2.2  cm/hr)  for  Sites  H-10,  H~9  and  H-8,  respectively,  so  100?  of  the 
precipitation  would  runoff  within  5-0,  ^.6,  and  6.9  hours  if  water  is 
applied  at  the  average  rate.   If  water  precipitates  at  rates  that  exceed 
the  infiltration  capability  of  soils,  air  entrapment  could  induce  almost 
complete  runoff.   Because  of  the  low  ratio  of  infiltration  and  small 
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Figure   35- ~-Moi sture    relationships    in    soils    in    breaks    areas 
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drainable  VMC ' s ,  complete  runoff  is  more  likely  to  occur  in  these  areas 
than  in  deeper  soils  that  predominate  the  area.  Also,  much  of  the  snow 
that  falls  probably  blows  off  these  ridges. 

No  real  benefit  could  be  derived  from  attempting  to  reconstruct  these 
soils  after  mining.   These  areas  could  benefit  from  gentler  slopes  and 
deeper  soils.   Soil  material  from  deep  alluvial  deposits  could  be  used 
for  these  purposes. 

Foot  Slopes 

Soils  immediately  downslope  from  breaks  areas  (Figure  36)  benefit 
from  runoff  and  sediment  accumulation  and  no  doubt  from  snow  accumulation. 
The  availability  of  extra  water  is  reflected  in  the  presence  of  drainable 
voids  to  greater  depths  than  in  the  breaks  areas.   Tall  and  midgrasses 
predominate  (Table  36)  in  these  areas  where  water  can  be  perched  in  voids 
at  retention  forces  less  than  the  force  at  MRC  level.   Site  H-14,  where 
there  is  very  little  void  space  for  drainage  to  greater  depths  at  higher 
retention  forces,  has  the  most  cover  and  the  lowest  average  retention 
force  of  the  two  sites.   Water  apparently  drains  to  greater  depths  into 
voids  smaller  than  those  at  the  MRC  at  Site  H-l8.   This  resulted  in  a 
higher  level  of  retention  force  when  water  was  removed  from  the  soil  by 
vegetat  ion . 

The  comparison  between  these  two  sites  illustrates  how  replacing 
soil  materials  in  a  manner  that  results  in  perching  of  water  as  adsorbed 
films  in  excess  of  the  number  adsorbed  at  the  retention-capability  levels 
could  result  in  increased  productivity  per  unit  of  water  stored  in  the  soil. 
Care  would  be  required  to  insure  that  there  are  sufficient  voids  to  hold 
the  water  normally  available. 


134 


Table  36. --Kinds  and  proportions  of  cover  and  average  retention 
force  in  the  solum  at  time  of  sampling  on  foot  slopes 


Cover  (percent)                  Site  H-14  Site  H- 1 8 

Bare  soi 1  19                   25 

Mulch  3                     7 

Little  bluestem  54                     3 

Bluebunch  wheatgrass  22                    6 

Prairie  sandreed  grass  6 

Red  threeown  grass  3 

Side  oats  grama  grass  4 

Mountain  muhly  5 

Ponderosa  pine  8 

Juniper  3 

Yucca  5 

Prickly  pear  cactus  5 

Rubber  rabbitbrush  4 

Big  sagebrush  4 

S  i 1 ver  sagebrush  4 

Forbs  2                    8 

Retention  force  (g/cm2)          4,365  15,488 
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Figure  36. --Mo i sture  relations  in  soils  occurring  on  foot  slopes 
below  breaks  areas. 
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HYDROLOGY 

A  basic  understanding  of  the  hydrology  of  the  Hanging  Woman  Creek  study 
area  is  necessary  to  assess  potential  effects  of  mining  on  local  water 
resources  and  to  suggest  alternative  solutions  to  water  problems  that  may 
occur.   This  report  describes  the  data  collection,  hydrologic  testing, 
and  data  analysis  after  1  year  of  study.   The  report  is  the  first  phase 
of  a  continuing  study  to  determine  baseline  hydrologic  conditions  and  to 
establish  a  water- i nformat ion  monitoring  network  in  the  study  area. 

The  water-resources  investigation  described  in  this  report  encompasses 
part  of  the  Hanging  Woman  Creek  coal  deposit  and  the  Moorhead  coal  field 
along  East  Trail  Creek  (Figure  1).   Data  collection  is  most  extensive  near 
the  lower  third  of  the  East  Trail  Creek  drainage.   Streamflow  and  water- 
quality  data  have  been  collected  at  the  gaging  station  East  Trail  Creek 
near  Otter  since  November  1976. 

Ground-water  data  were  collected  from  existing  wells  and  springs 
inventoried  during  the  summers  of  1976  and  1977  and  from  30  test  wells 
drilled  by  the  Montana  Bureau  of  Mines  and  Geology  in  197^,  1976,  and  1977- 
Hydrologic  boundaries  and  properties  of  shallow  aquifers,  principal 
direction  of  water  movement,  and  water  chemistry  were  determined  from  the 
data. 

Further  study  will  include  long-term  hydrologic  monitoring  to  obtain 
a  better  understanding  of  the  hydrologic  system.   In  addition,  a  digital 
model  will  be  constructed  to  quantitatively  analyze  water  problems  that 
could  occur  from  specific  mine  plans. 

Surface  Water 

Three  flumes  having  continuous  recorders  and  one  stream-gaging  station 
(East  Trail  Creek  near  Otter)  were  installed  at  the  study  area  in 
November  1976  to  monitor  surface-water  runoff  and  ground-water  inflow  and 
outflow  along  the  drainage  (Figure  37)-   Two  rain  gages  subsequently  were 
installed  adjacent  to  the  gaging  station  and  the  uppermost  flume.   Data 
from  these  instruments,  together  with  data  from  neighboring  stations, 
indicate  that  most  streamflow  occurs  from  February  to  June  during  spring 
runoff  and  spring  storms. 

Stream  discharges  of  East  Trail  Creek  near  the  Otter  gaging  station 
from.  February  through  October  1977  are  shown  on  Figure  38.   Also  shown 
are  the  d i ssol ved-sol ids  concentrations  of  water  from  East  Trail  Creek  and 
rainfall  measurements  for  the  period  April  6  through  October  1977.   Strong 
correlation  can  be  seen  between  periods  of  substantial  rainfall  in  June 
and  August  and  discharge  at  the  gaging  station  located  near  the  confluence 
of  East  Trail  and  Trail  Creeks.   Periods  of  smaller  rainfall  provided 
little  runoff  because  of  low  antecedent  soi 1 -moi sture  conditions. 
Discharges  in  February,  March,  and  April  reflect  periods  of  snowmelt. 
Discharges  less  than  0.1  ftVs  (.003  mVs)  are  not  shown  on  Figure  38. 
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EXPLANATION 

ALLUVIUM  -  Mostly  floodplain  deposits  of  silt,  clay,  and  fine  gravel; 
and  colluvium.   Max! mum  thickness  ^0  feet- 

CLINKER  -  Baked  sandstone,  siltstone  and  shale  of  Fort  Union 
Formation  produced  by  the  burning  of  Anderson  coal  hed .  Maximum 
thickness  50  feet. 

WASATCH  FORMATION  AND  TONGUE  RiVER  MEMBER  OF  THE  FORT  UNION  FORMATION 
sandstone,  siltstone,  shale,  and  coal. 


■•^Geo logic  contact.   Dashed  where  concealed. 
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Datum  is  mean  sea  level. 


-. -Drainage  boundary  for  East  frail  Creek. 

A   Gaging  Station  and  Streamflow  sampling  site 

r7   Low- flow  station. 

#8  WELL  -  closed  circle  indicates  chemical  analysis 

of  water  from  Tongue  River  member  of  Fort  Union  Formation; 
open  circle,  alluvium.   Number  is  identification  from 
Tables  38  and  kO . 


Hang  i  ng  Woman  Creek  Study  Area 


Location  Map  -- 

Surface-water  station  and 
chemical  analysis  sampling  sites. 
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Figure  38.    Precipitation  and  Stream  Discharge,  East  Trail  Creek  near  Otter. 
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Flow  at  the  gage  and  the  two  downstream  continuous  recorder  flumes 
receded  to  no  flow  rapidly  after  each  rain.   Flow  measurements  at  the 
continuous  recording  flume  farthest  upstream  show  more  persistent,  but 
small,  discharge.   This  is  an  indication  that  the  lower  reach  of  East 
Trail  Creek  is  losing  water  from  the  stream  channel  to  the  ground-water 
system. 

Fifteen  perennial  stock  ponds  are  in  the  East  Trail  Creek  basin;  the 
largest  (about  3  acres  (1.21  ha))  is  located  in  the  N  1/2  Section  6, 
T9S,  RkkE    (Figure  37).   Together  with  four  ephemeral  stock  ponds  and 
several  spreader  dikes,  these  features  can  increase  infiltration  of  water 
in  the  basin.   Additional  study  would  be  necessary  to  determine  infiltration 
amounts  and  significant  sediment-trapping  effects. 

The  mean  annual  flood  of  East  Trail  Creek  was  estimated  from  the  size 
of  the  drainage  area,  the  main  channel  slope,  and  the  average  annual 
precipitation  to  be  about  100  ftVs  (2.8  m-Vs).   The  25-year  and  100-year 
floods  are   about  700  and  1,250  ft3/s  (19-8  and  35.^  mVs),  respectively. 

Continued  data  collection  and  interpretation  are   necessary  to  define 
annual  low-flow  surface-water  and  ground-water  interrelationships.   In 
addition,  although  this  basin  is  not  instrumented  for  rai nfal 1 -runoff 
research,  certain  gross  basin  characteristics  could  be  determined  with  this 
single  gaging  station  and  rainfall  recorder. 

Surface-Water  Quality 

Water  samples  collected  from  the  East  Trail  Creek  near  Otter 
water-quality  station  (Figure  37)  have  been  analyzed  for  common  ions,  and 
heavy  metals  (Table  37).   Most  streamflow  at  this  station  is  open-channel 
discharge  from  the  basin.   Therefore,  the  water  composition  is  character- 
istic of  ions  available  for  solution  from  the  surficial  material  of  the 
basin.   Predominant  ionic  constituents  are  sodium,  magnesium,  and  sulfate. 
Water  samples  analyzed  from  this  station  contain  relatively  small  amounts 
of  heavy  metals.   No  concentrations  of  major  constituents  or  metals  are 
abnormally  high  for  streamflow  in  this  region,  but  the  period  of  record 
for  water-quality  measurements  is  not  yet  long  enough  to  make  any  meaningful 
water-quality  interpretations. 

Although  the  character  of  water  at  the  sampling  site  is  generally 
consistent  with  time,  slight  variations  in  d i ssol ved-sol ids  concentrations 
result  from  local  surface  runoff  and  changes  in  evapotranspi rat  ion 
conditions.   Concentrations  are  expected  to  be  lowest  during  periods  of 
snowmelt  runoff  or  during  streamflow  recession  after  storms  when  base 
flow  is  diluted  (Figure  38).   Storm  runoff  dissolves  salts  that  have 
precipitated  along  drainage  banks  during  seasonally  dry  periods,  thereby 
temporarily  increasing  the  d i ssol ved-sol ids  concentration. 

Provisional  instantaneous  flow  data,  together  with  measured  sediment 
concentrations  at  the  time  chemical  samples  were  taken,  indicate  generally 
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Table  37. — Chemical  and  spectrographs  analyses  of  water  samples  from  East  Trail  CreeK  near  Utter,  Montana. 
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NITRO- 

PHOS- 

ALUM- 

SOLVED 

bt  RYL- 

SOLVED 

CAD- 

CHRO- 

SOLVED 

SOLVED 

SOLVED 

GEN 

PHORUS 

INUM 

ARSENIC 

LIUM 

BORON 

MIUM 

MIUM 

COPPER 

IRON 

LEAD 

(NU3) 

(P) 

(AL) 

(AS) 

(bE) 

(3) 

(CD) 

(CR) 

(CU) 

(FE) 

(P8) 

DATE 

(MG/L) 

(MG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(OG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

FEb 

23... 

2.4 

.09 

20 

1 

0 

150 

1 

0 

6 

80 

1 

MAR 

06 

3.9 

.10 

— 

— 

-- 

120 

— 

— 

-- 

110 

— 

APR 

05... 

2.6 

.02 

-- 

-- 

-- 

120 

-- 

— 

-- 

70 

-- 

JUN 

21... 

3.2 

,0b 

20 

1 

0 

120 

2 

20 

2 

21U 

5 

DIS- 

DIS- 

UIS- 

DIS- 

DIS- 

SOLVED 

DIS- 

SOLVED 

uiS- 

SULVED 

SOLVED 

DIS- 

SOLVED 

MAN- 

SOLVED 

MOLYB- 

SULVED 

SELE- 

VANA- 

SOLVED 

SUkFACE 

LITHIUM 

GANESE 

MERCURY 

DENUM 

NlCivEL 

NIUM 

DIUM 

ZINC 

AREA 

(Ll) 

(MN) 

(HG) 

(MO) 

CNI) 

(SE) 

(V) 

(ZN) 

(SuUARE 

DATE 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(Ju/L) 

(UG/L) 

(UG/L) 

MILES) 

FEb 

23... 

190 

b50 

.0 

1 

7 

1 

.  u 

30 

31 

MAR 

06... 

-- 

-- 

-- 

— 

-- 

-- 

-- 

— 

31 

APR 

05... 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

31 

JUN 

21... 

70 

310 

.0 

1 

10 

1 

.0 

20 

31 
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Table    38. -Location    ana    quicK    reference    to    wells    and    springs    cited    in    the    East 

Trail     Creek    report. 


STATlUN  NAME 

USE 

PERFORATED    LITrlOLUGIC 

"hydrulogT" 

CHEMICAL 

OR 

ZONE         I 

.OG  Of 

DATAb 

QUALITY 

SPECIAL 

*tLL  a 

UATA  c 

NUMBER 

06S44E19CBBB 

1 

h  .v  C  -  0  4      ( 

UlETz) 

08S44E19CBBH 

2 

HwC-05      ( 

ANDEkSUN) 

08S44E22DCDB 

SUCK  inELL  ( 

COMPOSITE) 

29 

08S44E27CCCC 

SPRING      ( 

SANDSTONE) 

0BS44E32DDAB 

MrtC-28      ( 

ANDERSON) 

X 

X 

27 

08S44E35AUDC 

STOCK  V'ELL  ( 

COMPOSITE) 

28 

09S43E02BHBb 

1 

HftC-21      ( 

0 1 1 T Z ) 

X 

X 

09S43E028BBt> 

d 

hWC-22      ( 

ANDERSON) 

X 

09S43E03CDDA 

1 

rirtC-02      ( 

CANYON) 

X 

X 

2^ 

09S43E03CDDA 

2 

h  w  C  -  0  3      ( 

D I E  T  Z  ) 

X 

X 

25 

09S43E10BWAD 

STOCK  WELL  ( 

AlluVIum) 

23 

09S43E1 lACbd 

STOCK  wELL  ( 

ALLUVIUM) 

09S43E12ABDD 

1 

HwC-35      ( 

ANTERSuN  K    ALLVM) 

X 

21 

09S43E12ABDD 

2 

HWC-3b      ( 

ALLUVIUM) 

X 

X 

dl 

09S43E12ADBB 

1 

nwC-37      ( 

ALLUVIUM) 

X 

X 

09S43E12AUB8 

2 

HWC-38      ( 

ALLUVIUM) 

X 

09S43E12AD60 

H^C-39      1 

ALLUVIUM) 

X 

09S43E13BDBB 

rk.C-17      1 

ANDERSON) 

X 

X 

9 

09S43E13CAAA 

1 

HrtC-Ob      1 

DIETZ) 

09S43E13CAAA 

2 

HrtC-07      1 

ANDERSON) 

8 

09S43E14D5BB 

MrtC-27      1 

ANDEkSU'M) 

X 

X 

09S43E15COA8 

STOCK  WELL  1 

ALLUVIUM) 

09S43E15DABC 

STOCK  KELL 

7 

09S43E22ACCA 

hwC-15      1 

[ANDERSON) 

X 

X 

5 

09S43E25BADC 

STOCK  SPR. 

'COMPOSITE) 

3 

09S43E27CDCA 

STOCK  WELL 

1 

09S43E27DA88 

ri^C-16 

ANUERSUN) 

X 

X 

09S44E01ADA4 

STOCK  nELL 

AivDEhSUN) 

26 

09S44E06BBBO 

1 

HWC-23      1 

ANDERSuN) 

X 

09S44E068BBB 

2 

nnC-24      1 

.uitrz) 

X 

09S44E07ADAA 

1 

STJCK  WELL 

ANDthSON  s,  AlLV"1) 

18 

09S44EU7ADAA 

2 

r-NC-32      1 

ALLUVIUM) 

X 

09S44E07ADAB 

rl  '.V  C  -  3  3 

[ALLUVIUM) 

X 

17 

09S44E07ADAC 

HWC-34 

[ALLUVIUM) 

X 

X 

15 

09S44E07ADCU 

n/iC-20 

ANUERSON) 

X 

X 

14 

09S44E07ADOC 

1 

HrtC-08      1 

.DIETZ) 

X 

12 

09S44E07ADDC 

2 

HwC-09      1 

ANDERSON) 

09S44E078BCC 

1 

HrtC-29      I 

ANDERSON) 

X 

X 

19 

09S44E07B8CC 

2 

rirtC-29A 

[ANDtRSON) 

X 

■* 

09S44E07BBCC 

3 

hrt'C-<^6 

[ANDERSON) 

X 

X 

09S44E07BBCC 

4 

HWC-29C 

[ANDERSON) 

X 

09S44E08BoA8 

i 

HrtC-25 

[DItTZ) 

X 

09S44E08BdAB 

2 

riwC-26 

AwDERSON) 

x 

X 

20 

09S44E08BDB8 

SPkliMb 

' ALLuv IUM) 

09S44E08BODC 

nWC-16 

.ANDERSON) 

> 

X 

13 

09S44E09CBCA 

hWC-31 

[ALLUVIUM) 

X 

09S44t09CCA8 

hwC-30 

[ ANDERSON) 

X 

09S44E10CBAD 

STOCK  kELL 

[COmPUSI It) 

11 

09S44E11AAAD 

SPRING 

[SANDSTONE) 

09S44E1  1BDAA 

STOCK  WELL 

[COMPOSITE) 

lb 

09S44E16ACCB 

HWC-19 

[ANDERSON) 

X 

4 

09S44E20DCAA 

SIOCK  WELL 

[DIE  IZ  6.  SNDSTUNE) 

2 

09S44E27AbCd 

STOCK  WELL 

'COMPOSITE) 

09S45E07CLAD 

STUCK  ^.ELL 

[COAL) 

10 

09S45E18BDDD 

SPRING 

[6Ai\ir;bT0NE) 

a     X   indicates   log   listed   in  Appendix 

b    X   indicates   data   in   table   39   or   figures    39    through  42 

c    Numeral   is   identification  number   in   tables   40   and   41    or   figure  44 
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low  suspended-sediment  discharge  from  the  basin  for  the  period  of  record. 
The  calculated  suspended-sediment  discharges  for  February  23,  March  8, 
April  5,  and  June  21  were  0.0,  0.06,  0.05,  and  0.02  ton/d  (0.0,  0.05^, 
0.0^5,  0.018  tonne/d),  respectively.   These  suspended-sediment  loads  are 
well  below  the  carrying  capacity  of  East  Trail  Creek;  however,  the 
availability  of  sediment  to  streams  is  generally  1 ow  at  the  time  of 
snowmelt  and  during  low  flow. 

Chemical-quality  data  collection  will  be  continued  to  determine 
cyclic  annual  fluctuations  and  chemical  characteristics  of  unusual  storms 
within  the  bas  i  n . 

Ground  Water 

Twenty-nine  wells  and  springs  were  inventoried  at  the  study  area    to 
aid  in  determining  the  geology  and  hydrology.   Thirty  additional  observation 
wells  were  drilled  to  provide  specific  information  on  lithology,  water 
levels,  hydraulic  properties  of  aquifers,  and  chemical  quality  of  water. 
The  lithologic  descriptions  of  observations  wells  are  listed  in  Appendix  J. 
Table  38  gives  a  quick  reference  to  wells  and  springs  discussed  in  this 
report . 

The  East  Trail  Creek  site  is  underlain  by  several  aquifers.   The 
shallowest  aquifers  are  alluvium  of  Holocene  age,  Anderson  clinker  of 
Holocene  (?)  age,  and  the  Tongue  River  Member  of  the  Fort  Union  Formation 
of  Paleocene  age  (Figure  15)-   The  2^0  (73  m)  thick  Lebo  Shale  Member  of 
the  Fort  Union  Formation  separates  the  Tongue  River  Member  from  underlying 
aquifers,  which  include  the  Tullock  Member  of  the  Fort  Union  Formation, 
upper  Hell  Creek  aquifer,  Fox  Hill's  lower  Hell  Creek  aquifer,  Judith 
River  Formation,  Eagle  Sandstone,  Muddy  Sandstone  Member  of  the 
Thermopolis  Shale,  and  Madison  Group.   Because  the  Lebo  Shale  has  a  low 
hydraulic  conductivity,  the  underlying  aquifers  are  not  likely  to  be 
affected  by  surface  mining  at  the  site.   The  Wasatch  Formation  of  Paleocene 
and  Eocene  age  is  present  on  ridges  in  the  study  area,  but  is  unsaturated 
and  is  not  considered  in  discussions  of  ground  water. 

The  uppermost  unconfined  (water-table)  aquifer  at  the  study  area 
consists  of  alluvium  containing  fine  colluvium  and  coarser  material  along 
East  Trail  Creek.   Alluvium  occurs  beneath  the  valley  bottoms;  colluvium, 
which  is  mostly  unsaturated,  mantles  the  Tongue  River  Member  adjacent 
to  the  val leys . 

Four  test  holes  were  drilled  through  the  alluvium  across  East  Trail 
Creek  in  the  northeast  quarter  of  Section  12,  T9S,  R^3E,  to  determine 
saturated  thickness  and  composition  (Figure  39)-   The  alluvium  is  mostly 
brown  soft  clay  and  fine  gravel  that  contains  silt  and  sand.   The  alluvium 
along  the  cross  section  has  an  average  thickness  of  about  2>h    feet  (10.3  m) 
and  is  bounded  by  gentle  slopes  of  the  Tongue  River  Member  on  the  northwest 
and  southeast.   Water  levels  in  the  test  holes  show  that  the  water  table 


hi 


T.  9& 


-j\,^^L'' ''^i\'A  '' 


0.5  mil* 

—I 


VERTICAL     EXAGGERATION   X  10 
DATUM    IS    MEAN    SEA  LEVEL 

0  K>0       200        300       4O0        900       600       700     FEET 

I H r-1— i H S i1 H 1—1 

0         29       90       79        CO      129      150     179     200         METERS 


Fin* 


m 


EXPLANATION 

ALLUVIUM.     Fine  —  colluvial   silt  and  clay 
coor».  Coarse  —sand   and  gravel 

BEDROCK.      Tongue  River  Member  of  Fort   Union  Formation  Containing 
the  Anderson  Coal   Bed. 
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is  relatively  flat  in  the  alluvium.   Measured  water  levels  in  wells 
tapping  alluvium  range  from  7  feet  (2.1  m)  below  land  surface  near  the 
stream  channels  to  24  feet  (7-3  m)  on  nearby  slopes. 

Three  additional  test  holes  were  drilled  through  similar  alluvium 
across  East  Trail  Creek  in  the  northwest  quarter  of  Section  7,  T9S,  R43E. 
At  this  upstream  section  the  alluvium  thickness  averages  about  26  feet 
(8  m)  and  the  water  level  ranges  from  4  to  9  feet  (  1.2  to  2.7  m)  below 
land  surface. 

The  Tongue  River  Member  contains  a  water-table  aquifer  and  shallow 
confined-aquifer  systems.   This  bedrock  unit,  which  is  composed  mainly 
of  shale,  siltstone,  fine-grained  sandstone,  and  coal,  is  areally  continuous 
throughout  and  beyond  the  limits  of  the  study  area.      However,  lenticular 
siltstone,  sandstone,  and  channel  sand  within  the  Tongue  River  Member 
compose  many  confined  and  semi -conf i ned  aquifers  that  are  not  areally 
extensive.   At  the  west  edge  of  the  study  area,  Tongue  River  rock  units 
grade  abruptly  into  clinker  formed  by  burning  of  the  Anderson  coal  bed 
(Figure  15). 

The  Anderson,  Dietz,  and  Canyon  coal  beds,  which  occur  within  the 
Tongue  River- Member  of  the  Fort  Union  Formation,  appear  to  be  the  most 
continuous  shallow  aquifers  penetrated  by  drill  holes  at  the  study  site. 
These  coal  beds  are  generally  confined  above  and  below  by  black  carbonaceous 
shale  or  clayey  siltstone.   The  nearest  hydrologic  boundaries  of  the 
Dietz  and  Canyon  coal  beds  are  outcrops  12  to  15  miles  (3»7  to  4.6  m) 
northeast  of  the  study  area.   Part  of  the  water  in  the  Anderson  discharges 
west  through  the  clinker  into  alluvium  along  Trail  Creek.   The  slightly 
folded  Anderson  generally  plunges  westward,  extending  in  the  subsurface 
to  the  Hanging  Woman  Creek  and  Tongue  River  valleys,  which  are  discharge 
areas  for  water  not  discharged  to  the  alluvium  along  East  Trail  and  Trail 
Creek. 

Hydrographs  of  two  wells  tapping  the  alluvium  show  small  water-level 
declines  during  the  summer  of  1977  (Figure  40) .      Well  09S44E07ADAC ,  which 
is  about  650  feet  (198  m)  from  the  stream  channel,  shows  1  1/2  feet  (0.5  m) 
of  water-level  decline  during  the  summer  with  no  abrupt  changes.   Water 
in  well  09S43E1 2ADBB1 ,  which  is  about  400  feet  (122  m)  closer  to  East  Trail 
Creek,  declined  more  than  twice  as  much.   In  addition,  the  storm  of 
August  8-9  (Figure  38)  dramatically  impacts  the  water  level  in  well 
09S43E1 2ADBB1 ,  but  the  impact  is  almost  unseen  in  the  other  well.   This 
result  is  due  in  part  to  its  proximity  to  a  nearby  spring. 

Hydrographs  of  wells  tapping  the  progressively  deeper  Anderson  coal 
(09S44E07BBCC3)  and  Deitz  coal  (09S44E07ADDC 1 )  show  progressively  less 
change  as  these  beds  become  confined  and  slightly  stressed  (Figure  40)  . 
The  8-foot  (2.4  m)  anomaly  in  water  level  of  the  Anderson  well  for  late 
September  reflects  response  to  an  aquifer  test  of  well  09S44E07BBCC1 
(Table  39)-   Water  level  in  the  Dietz  well  shows  little  change. 


45 


C 

o 
o 

*t 
O 

V) 


Q. 

o 
o 

X 


o 


a> 

3 


146 


en 

CD 
4J 
I 

u 

CD 
4-1 
•H 

3 

cr 
< 

i 

i 


43 
CO 
H 


W 


X)  I 

O  .H 

£  in   u 

4-1  O     C     W 

oi  to   >> 


4-1  OJ 

C  60 

OJ  cO 

■H  IH  U 
U  O  O 
4-1 

cn 


m 


•3  i 

.H  cj 

3  3 

cfl  XI 

P  C 

-o  o 

>,  cj 


4-1  XJ 

•H  \ 

>  4J 

•H  U-l 


I 


>    4-1 
•H   M-l 


4=    to 
4J     CD 

M)4J^N 

C         X> 
<D    M— I 

i-J     O 


CJ  >N--. 

•rl  4J^ 

U-l  -H     3 

•H  O   -H 

o  fd   6 

CD  ex-^ 

O.  cfl   iH 

t/)  u    rd 


00 
S-i 

x.  ■ 


W      fO 
•H     00 


3 
cr 


CD 
03 
(0 

ai 

^H 
CD 
U 

CO 
CO 
O 


Q 


o 
no 


t— i 
o 


NO 
O 


CD 

T3 


CD 
CO 

CO 
0) 

r-H 

CD 
S-i 

en 
cfl 

o 


n 


CN 


3 
o 
>> 

c 

CO 

o 


o 

00 


CN 


43 

o 


Pd  03 

Q  O 


I 

O 


cn 
00 


pd 


n 


CO 

o 


o 

00 


00 
01 


r^. 

<T 

r^ 

«tf 

II 

II 

U 

a) 

u 

•  ^ 

en 

•  ~ 

.H 

CO 

rH 

rH 

0) 

rH 

QJ 

.H 

CD 

^ 

0) 

s 

en 

en 

CO 

43 

cfl 

43 

o 

O 

O 

=1 


cn 
o 


CN 

o 


03  &> 

a       a 


1 

o 

o 

H 

■H 

X 

X 

-d- 

O 

o 


NO 


o 
H 

CN 


00 


Pi 


o 

cn 


6 

C 

3 

3 

3 

6 

3 

3 

c 

3 

3 

o 

O 

O 

O 

3 

O 

O 

0 

O 

H 

en 

C/l 

M 

en 

•H 

en 

cn 

cn 

CO 

> 

u 

1-4 

(-1 

p 

> 

u 

N 

M 

j-i 

U 

3 

01 

0) 

0) 

01 

3 

0) 

4-1 

CD 

0) 

01 

— 1 

X) 

XI 

XI 

X) 

i— 1 

XJ 

OJ 

XI 

-a 

XI 

— 1 

< 

3 
<3 

3 

S 

3 

.—1 

3 

•H 

n 

3 

$ 

3 
< 

0) 

u 

>4 
1 

1 

i 
o 

1 

00 

i 

C7N 

1 

<r 

1 

CN 

1 

1 

1 

1 
00 

l 
i — 

1 

00 

-u 

M-4     W 

a 

O 

rH 

o 

H 

^H 

rH 

CN 

tH 

CN 

CN 

CN 

CN 

CN 

CN 

rd 

O     CD 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

| 

1 

1 

a 

4-1 

S 

r^ 

vO 

o 

ON 

<r 

av 

vO 

Ov 

ON 

<r 

<r 

ON 

<r 

<f 

o 

O 

rH 

H 
CN 

o 

CN 

o 

o 

O 

o 

o 

o 

o 

H 

o 

CN 

o 

CQ 

1 

1 

< 

a 

pq 

D3 

<J 

03 

u 

Q 

C_> 

U 

03 

a 

14-1 

iH 

< 

n 

Q 

Q 

m 

03 

u 

5 

<c 

o 

Q 

U 

< 

Q 

O 

rH 

Q 

Q 

Q 

5 

Q 

03 

o 

Q 

Q 

3 

03 

03 

Q 

0) 

Q 

U 

U 

P3 

n 

< 

a 

5 

■^ 

03 

03 

03 

3 

5 

CN 

cn 

n 

CN 

cn 

~cr 

CN 

p~ 

r~- 

1 — 

r^ 

r^ 

00 

00 

O 

cn 

o 

o 

H 

H 

H 

CN 

CN 

o 

o 

o 

O 

O 

o 

•H 

-o 

W 

w 

w 

W 

W 

W 

w 

w 

w 

w 

w 

W 

w 

w 

4-1 

0) 

<r 

cn 

CO 

co 

en 

r-i 

en 

cn 

<r 

-3- 

■<r 

-J- 

-3- 

<r 

CO 

ex 

<r 

-3- 

<r 

<f 

~cf 

<t 

^3" 

<f 

<r 

<r 

<r 

<f 

<r 

o- 

a 

6 

to 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

e/3 

CO 

e/3 

CO 

CO 

e/l 

o 

3 

00 

on 

CN 

ON 

C3N 

ON 

ON 

C7V 

on 

C7N 

ON 

ON 

ON 

ON 

hJ 

Q. 

o 

O 

o 

o 

O 

O 

O 

O 

O 

O 

o 

o 

o 

o 

42 


60 

3 


>N 

1-1 

CD 
> 

O 

o 

CD 


rt 


X) 

o 

4=: 
4-1 

CD 

E 

43 
O 
O 
CO 


O 
XI 

cfl 
S-i 
XI 


Q 

XJ 
^H 

CD 

•H 

>N 

X) 
CD 

>. 

CO 

tH 

CD 
XJ 

3 
O 


3 

0 

pq 


147 


The  direction  of  water  movement  is  generally  perpendicular  and  down- 
gradient  to  the  water-table  contours.   The  gradient  is  steeper  where  the 
transmi ssi vi ty  is  high.   Water  in  the  alluvium  moves  downvalley,  but  a 
large  percentage  is  either  evaporated  from  small  ponds  where  the  land 
surface  intersects  the  water  table  or  evaporated  and  transpired  where  the 
depth  to  water  in  the  alluvium  is  shallow. 

The  potent iometr i c  surface  in  the  Anderson  coal  bed  and  adjacent 
alluvium  (Figure  4l)  and  in  the  Dietz  coal  bed  (Figure  hi)     is  a  highly 
generalized  reflection  of  the  area  topography.   Few  water  levels  are 
available  from  deep  test  wells  along  the  divides  in  the  East  Trail  Creek 
area.   However,  wells  in  high  areas  near  the  site  generally  have  depths 
to  water  of  105  to  137  feet  (32  to  hi   m)  below  land  surface,  whereas 
depths  to  water  along  East  Trail  and  Trail  Creeks  range  from  6  to  60  feet 
(1.8  to  18  m)  below  land  surface.   The  potent iometr i c  surface  of  the 
Dietz  coal-bed  aquifer  is  similar  to  that  for  the  upper  aquifer  but 
water  levels  are  about  20  to  80  feet  (6  to  2k   m)  lower  (Figure  ^2).   An 
area  having  progressively  deeper  water  levels  with  progressively  deeper 
aquifers  is  generally  interpreted  to  be  a  recharge  area. 

The  East  Trail  Creek  fault  apparently  retards  the  flow  of  ground 
water  as  indicated  by  the  spacing  and  position  of  local  water-level 
contours  (Figure  k\) .   Water  retarded  upstream  from  the  fault  recharges 
strat igraphical 1 y  lower  aquifers  across  the  fault.   The  10-foot  (3  m) 
head  difference  across  the  fault  where  it  crosses  the  stream  valley  may 
be  the  result  of  the  angle  between  the  fault  and  the  ground-water  flow 
and/or  hydraulic  complexities  across  the  fault.   Springs  located  at 
09S4^E08BADC  may  also  be  f au 1 t- rel ated .   Data  were  unavailable  south  of 
the  fault  (Figure  kl)    so  the  effect  of  the  fault  upon  the  deeper  Dietz 
coal-bed  aquifer  is  unknown.   The  10-foot  (3  m)  thick  Dietz  coal-bed 
aquifer  is  probably  displaced  and  not  continuous  across  the  fault.   Further 
study  is  necessary  to  determine  deep  cross-fault  hydrologic  relationships. 

Drawdown  and  recovery  tests  were  conducted  by  the  Montana  Bureau  of 
Mines  and  Geology  on  \k   wells  completed  in  the  alluvium  and  the  Anderson, 
Dietz,  and  Canyon  coal  beds  (Table  39).   Discharges  during  two  tests  on 
the  alluvium  were  U.k   and  17-7  gal/min  (0.27  -  1.12  1/s);  transmi ss ivi ty 
averaged  1,^50  ft2/d  (135  nr/d).   The  storage  coefficient  of  2.1  X  10"3 
computed  for  the  alluvium  is  unreasonably  low  and  may  indicate  confinement. 
Discharges  during  nine  tests  on  the  Anderson  coal-bed  aquifer  ranged  from 
0.3  to  10.0  gal/min  (0.02  to  0.63  1/s);  t ransmi ss i v i ty  averaged  about 
90  ft2/d  (8  m2/d).   Storage  coefficients  from  two  tests  averaged  2.7  X  10  v 
Discharges  from  three  deeper  tests  in  the  Dietz  and  Canyon  coal  beds  ranged 
from  0.3  to  10.5  gal/min  (0.02  to  .66  1/s);  transmi ss i vi ty  averaged  about 
30  ft2/d  (2.8  m2/d).   No  storage  coefficient  was  calculated  for  the 
deeper  coals. 

The  average  velocity  of  ground-water  flow  can  be  estimated  using  a 
form  of  Darcy's  law: 


K  dh/dl 
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Geology  modified  from  Culbertson  and  Klett  (unpublished  mapping) 
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EXPLANATION 


Datum  is  mean  sea  level 


HOLOCENE 


EOCENE  AND 
PALEOCENE 


^TJ  ALLUVIUM  -Mostly  floodplain  deposits  of  silt,  clay,  and  fine  gravel- 
and  colluvium.   Maximum  thickness  1*0    ft. 

£3   CLINKER  -  Baked  sandstone,  siltstone  and  shale  of  Fort  Union  Formation 
produced  by  the  burning  of  Anderson  coal      Maximum  thickness  50  ft" 

J   ^   sandlt"  F°RMTI0N  AND  T0NGUE  R'«R  MEMBER  OF  THE  FORT  UNION  FORMATION 
[  sandstone,  siltstone,  chale,  and  coal 

Geologic  contact.   Dashed  where  concealed. 

-j^,..    Fault.   U,  upthrown  side;  D,  downthrown  side;  dashed  where  concealed. 


3590" 

.45 
„8 


POTENTIOMETRIC  CONTOUR  -  shows  altitude  of  water  surface  in  Anderson 
coalbed  and  alluvium  near  Anderson  coal  outcrop.   Dashed  ''here  approximately 
located.   Contour  interval  is  10  feet.   Datum  is  mean  sea  level. 

TEST  WELL  or  STOCK  WELL-  Number  is  depth  to  water,  in  feet  below  land 
surface,  1 973~ 77 .   Well  obtains  water  from  Anderson  coal  bed. 

TEST  WELL  or  STCCK  WELL  -  Number  is  depth  to  water,  in  feet  below  land 
surface,  1973-77.   Well  obtains  water  from  alluvium  near  Anderson 
coa I  outcrop . 


SPRING  or  SEEP  -  Number  is  altitude  of  land  surface. 
sea  leve I . 


Datum  is  mean 
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EXPLANATION 
ALLUVIUM  -  Mostly  floodplain  deposits  of  silt,  clay,  and  fine  gravel; 


Datum  is  mean  sea  level. 


and  colluviurr.   Maximum  thickness  kO     feet 

£P3~j   CLINKER  -  Baked  sandstone,  siltstone  and  shale  of  Fort  Union 
^— V       Formation  produced  by  the  burning  of  Anderson  coal  bed.  Haxii 


thickness  50  feet. 


EUCENE  AND 
PALEOCENE 


Q   WASATCH  FORMATION  AND  TONGUE  RIVER  MEMBER  OF  THE  FORT  UNI 
sandstone,  siltstone,  shale,  and  coal. 

-v_..-'-v  Geologic  contact.   Dashed  where  concealed. 


ion    -158  [i?L£L  Jr^i^r/? z^;£:£~ land  — 

►   DIRECTION  of  water  movement  in  Dietz  coal  bed. 


Fault.   U,  upthrown  side;  D,  downthrown  side;  dashed  where  concealed. 
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where : 

v  =  average  velocity  in  feet  per  day 

K  =  hydraulic  conductivity  in  feet  per  day 

dh/dl  =  gradient,  unit  change  in  head  per  unit  length  of  flow,  and 

9  =  porosity  as  a  decimal  fraction 

Using  an  average  hydraulic  conductivity  (K)  of  88  ft/d  (27  m/d) 
determined  from  aquifer  tests  on  the  alluvium,  an  average  gradient  of 
kO    ft/mi  (7-5  m/km)  from  Figure  41)),  and  an  estimated  porosity  of  0.20, 
the  average  velocity  of  water  passing  through  the  alluvium  is  estimated  to 
be  about  3-3  ft/d  (1  m/d).   Using  an  average  K  of  3.0  ft/d  (.9  m/d) 
determined  from  aquifer  tests  on  the  coal-bed  aquifers,  an  average  gradient 
of  15  ft/mi  (2.8  m/km)  (Figure  k2)    and  an  estimated  coal  porosity  of  0.02, 
the  average  velocity  of  water  flowing  through  the  coals  is  estimated  to  be 
about  O.k    ft/d  (0. 1  m/d).   These  estimates  assume  average  conditions  and 
are  not  valid  for  predicting  the  velocities  of  contaminants  passing  through 
the  same  material,  because  contaminants  may  travel  along  preferential 
pathways  not  typified  by  average  conditions.   However,  the  velocities  do 
indicate  average  flow  rates  and  are  useful  in  evaluating  probable  rate  of 
movement . 

Ground-Water  Quality 

Chemical,  heavy-metals,  and  radiochemical  analyses  of  water  from  the 
upper  part  of  the  Tongue  River  Member  of  the  Fort  Union  Formation  in  the 
vicinity  of  the  study  area  are    listed  in  Table  kO .   The  water  samples 
were  collected  from  1  developed  spring,  12  stock  wells,  and  16  test  wells 
that  tap  single  or  multiple  aquifer  units  of  sandstone  or  coal.   Sampling 
depths  range  from  land  surface  at  springs  to  273  feet  (83  m)  at  the 
deepest  well;  d i ssol ved-sol i ds  concentrations  for  all  samples  of  ground 
water  range  from  ^38  to  9,^60  mg/1  (milligrams  per  liter). 

The  U.S.  Public  Health  Service  (1962)  has  established  the  following 
drinking  water  standards.   The  concentrations  are  recommended  maximums 
unless  water  of  no  better  quality  is  available. 

Concentration,  in 
Substance  mill igrams  per  liter 

Chloride  (CI)  250 

Copper  (Cu)  1 

Iron  (Fe)  .3 

Nitrate  (NO3)  k$ 

Sulfate  (SO/,)  250 

Di  ssol ved  sol  ids  500 

Zinc  (Zn)  5 

Manganese  (Mn)  .05 
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IDENTIFICATION 
NUMBER 


10 


11 
12 


14 

15 
16 
17 

18 

19 
20 
21 


22 


24 
25 


26 
27 


28 
29 


Table  40. — Chemical,    heavy  metals,   and  radiochemical  analyses  of   ground  water   from  the  vicinity  of 
the  Hanging  Woman— Creek  study  area. 


STATION        NflKF 


"VS43E27CUCA 
rwSaUcP/A^Cb 
09S43E25BADC 
09Sq«£20DCAA 
09S43E22ACCA 

09S43E22ALCA 

09S43E1 angpH 

09S43tlMD6BR 
09S43E150ABL 


STUCK  «FLL  057 

STOCK  WELL  (ALLUVIUM)  o57 

STOCK  jPR.  (COMPOSITE)  U57 

STuCk  nELL  (DltTZ  f.    SNuSTONE)  057 

hKC-l^  (ANDERSON)  u57 


HWC-15 
nWC-27 
rtWL-27 
STUCK    WELL 


09S43tl3CAA«  d    hWC-07 

09S43E13CAAA  d    hWL-C-7 

09S43EI3BDRB  HWC-17 

09S43E138uBb  HWC-17 

09S45E1/CCAD  STUCK  ivELL 


(ANuFKSuN) 
( ANDFKS0N) 
f ANDFrtSUN) 

(ANDErtSUN) 

(ANuFtfSON) 
(ANdFKRON) 
(AN0FHS0N) 
CC0AL) 


09S45E0/CCAD  STOCK  hELL  (COaL) 

09S44E10C6AD  STOCK  <*FLL  (ALLUVIUM) 

09S4UE0 7ADHC  1  hWL-0«  (UIETZ) 

09S<44t07AUOC  1  HWC-O1'  (DIETZJ 

09S44E08PDDC  MWi_-l«  (ANDERSON) 

09S«UE08BdDL  nWL-l«  (ANdFKSUN) 


09S44E07adcd 
09S44t07'>DCu 

09S44E07AUAC 
09S44E1  1RUAA 

09S44E07AOA8 


HWC-20  (ANDFRSUN) 

HWC-20  (ANDERSON) 

HWC-J.4  (ALLUVIUM) 

STUCK  *FLL  (COMPOSITE) 


H»'C-i3 


(ALLllv  IuM) 


057 
05  7 
057 

057 
057 

057 
057 
057 
u57 
u57 

U57 
057 
o57 
057 
057 

057 
057 
U57 
U57 
057 


19S4Ut07«D6A  l  STUCK  aFLL  (ANDERSUN  %  ALLVM)  05/ 

09S4AE07ADAA  l  STuCK  ».FLL  (ANDERSUN  *.  ALLvM)  057 

0*S44E07RriCC  l  HWL-29  (ANDFKSUN)  057 

09S«4E06PbAH  d  HWC-26  (ANDFkSU»')  u57 

09S43tl2Abnu  l  HHC-.S5  (ANdERSG*  I  ALLVM)  u57 


09S43E1  2At)r>U  1  hWL-J5 

09Si43£12AOPD  2  h^L-ib 

09S«3E!2AHr>u  2  hwc-36 

09S43E12AbOD  d    nWC-36 
09S43E1  0"bAb    STOCK  uFLL 


(ANDERSUN  *  ALLVM)  057 


(ALlIIVIuM) 
(ALLUVIUM) 
(ALLUVIu" ) 
(ALLUVIUM) 


09S43E03Cdpa  l  hwc-o?  (Ca.myon) 

09S43E03CDHA  d    HI*C-03  (OTETZ) 

09S43E03CUDA  2  HWC-03  (UIETZ) 

09S44t01AUAA    STOCK  HELL  (ANDFKSUN) 

06S44E32n>DAu    MWC.-28  (ANDFkSOM 


06S44t32DDAB 
C8S4'lE35Aur>C 
06S44E35ADOC 

n6S44t2<;ncnB 


hWC-28  (ANDERSON) 

STOCK  aELL  (COMPOSITE) 

STUCK  aFLL  (COMPOSITE) 

STOCK  WELL  (COMPOSITE) 


057 

057 
057 
057 

057 
057 
057 
057 
057 

057 
057 
057 
057 


ELEV. 

OF  LAND 

TOTAL 

SURFACE 

DATE 

SAMP- 

DEPTH 

DATUM 

OF 

LING 

OF 

CFT. 

SAMPLE 

TIME 

DEPTH 

WELL 

ABOVE 

(FT) 

(FT) 

MSL) 

73-10-28 

1630 



-- 

3760 

75-Ob-OU 

1700 

34 

54 

3717 

74-02-28 

1650 

.0 

-- 

3680 

75-0o-0'4 

1600 

184 

204 

3650 

77-0o-23 

1210 

— 

129 

3595 

77-06-23 

1215 



129 

3595 

77-07-08 

1200 

231 

264 

3710 

77-07-08 

1400 

231 

264 

3710 

73-10-20 

1400 

-- 

— 

3579 

77-0/4-29 

1000 

37 

66 

3590 

77-04-29 

1200 

37 

66 

3590 

77-04-19 

1000 

60 

82 

3604 

77-04-27 

1730 

60 

82 

3604 

74-02-02 

1450 

— 

285 

3900 

75-06-26 

1330 

273 

285 

3900 

75-06-04 

1830 

29 

50 

3721 

77-04-28 

0940 

170 

200 

3679 

77-0u-2« 

1000 

1  70 

200 

3679 

77-04-28 

1000 

100 

243 

3670 

77-04-28 

1630 

100 

243 

3670 

77-04-26 

loon 

80 

132 

367b 

77-04-26 

1200 

80 

132 

3676 

77-09-^9 

2140 

-- 

27 

3621 

75-06-03 

1100 

-- 

180 

3791 

77-09-13 

1000 

— 

24 

3621 

74-02-28 

1  140 

40 

70 

3623 

77-04-28 

1130 

40 

70 

3623 

77-09-27 

1*40 

-- 

94 

3620 

77-04-28 

1000 

73 

110 

3675 

77-06-21 

1300 

27 

61 

3575 

77-06-21 

1400 

27 

61 

3575 

77-06-21 

1500 

12 

22 

3575 

77-06-21 

1600 

12 

22 

3575 

77-09-20 

0700 

-- 

22 

3575 

74-02-26 

1420 

— 

75 

3520 

75-O0-I6 

1400 

100 

296 

3542 

75-06-16 

1500 

60 

108 

3539 

76-0o-09 

1200 

ion 

108 

3539 

7U-0.J-28 

1830 

— 

330 

4000 

77-07-06 

1240 

147 

183 

3738 

77-07-07 

1200 

147 

183 

3738 

74-02-03 

11  15 

-- 

28 

4016 

75-06-19 

1O00 

-- 

28 

4016 

75-06-19 

1"00 

— 

190 

4109 
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-Chemical,  heavy  metals,  and  radiochemical  analyses  of  ground  water  from  the  vicinity  of 
the  Hanging  Woman  Creek  study  area. — continued 


IDENTIFICATION 


SPE- 
CIFIC 
CHN- 
UUCT- 
ANCF 
(MK»U- 
MHGS) 


PH      TtMPFR- 
AT!j9£ 
(UNITS)    fOFG  C) 


run- 

8ID- 
ITV 


HARD- 
NESS 


CAK- 
PUNATE 
HARU- 


(CA,"b)    NESS 


(MG/1) 


(MG/L) 


DIS- 
SOLVED 
CAL- 
CIUM 
(CA) 
(MG/L) 


DIS- 
SOLVED 
MAG- 
NE- 
SIUM 
(MG) 
(MG/L) 


DIS- 
SOLVED 
SODIUM   PERCENT 

(NA)     SODIUM 
(MG/L) 


SODIUM 

AD- 
SORP- 
TION 
RATIO 


7.0 

.SO 
1.5 
1(1 


10(j1 

7270 

777 

8560 

2170 


8.2 
7.7 
7. J 
7.8 
8.5 


11.0 
8.0 
4.8 
8.0 

13.0 


30 

2300 

380 

2800 

28 


0 

5.5 

1.0 

500 

1700 

380 

330 

"30 

ioo 

64 

53 

27 

2100 

380 

150 

1120 

0 

5.2 

3.5 

560 

97 
17 
13 
46 
97 


3° 
8.4 
.6 
9.2 

46 


9 
10 


11 
12 


14 

15 
16 
17 


19 
20 

21 


1  .0 
1.0 

2.0 

1.8 

7.0 
3.0 

10 


3(1 
,30 
,0 
,0 


.30 
.30 
17 
2.0 
?.0 


4.0 
3.0 
4.6 
2.0 


3740 
2250 
5940 

6080 
2500 
3920 
1990 
2150 

7520 
2530 
2520 
2220 
2230 

2760 
2730 
5170 
980 
4410 

4960 
5650 
QQ40 
4840 
6030 


7.8 

7.8 
0.8 
7.5 

7.2 
7.5 
7.0 
8.1 
b.O 

7.9 
7.9 
8.2 
8.2 
7.8 

8.3 
7.7 
7.6 
7.7 
7.8 

7.5 
7.3 

7.3 
7.6 
7.5 


18.5 
10.0 
13.5 

13.7 
12.0 
13.5 
12.0 
12.5 

9.0 

6.5 
12.5 

12.8 

13.0 
12.5 

10.5 
10.5 


7.5 

7.5 

13.5 

12.5 

12.0 


96 

0 

19 

12 

900 

95 

40 

32 

0 

5. 

7 

4. 

4 

640 

97 

49 

nuo 

130 

170 

170 

1200 

70 

16 

1100 

160 

170 

170 

1200 

70 

16 

730 

160 

99 

1?0 

720 

68 

12 

770 

220 

110 

120 

700 

66 

11 

40 

0 

9, 

,8 

3. 

8 

530 

96 

37 

39 

0 

8. 

9 

4. 

0 

520 

96 

36 

26U0 

2000 

270 

460 

910 

43 

7.8 

47 

0 

9, 

.4 

5. 

,5 

660 

96 

42 

44 

0 

8. 

,7 

5. 

,5 

650 

96 

42 

33 

0 

6, 

,3 

4, 

2 

580 

97 

44 

34 

0 

6, 

,8 

4. 

,1 

590 

97 

44 

54 

0 

10 

7. 

1 

660 

96 

39 

59 

0 

12 

6, 

,8 

730 

96 

42 

2100 

1500 

280 

330 

700 

42 

6.7 

480 

210 

72 

72 

35 

14 

.7 

leuo 

1200 

240 

300 

540 

39 

5.5 

2000 

1500 

280 

320 

620 

40 

6.0 

2400 

1800 

320 

380 

540 

33 

4.8 

3300 

2500 

490 

500 

1800 

54 

14 

1200 

52 

180 

180 

880 

61 

11 

2200 

1500 

260 

380 

880 

46 

8.0 

22 


23 


24 
25 


26 
27 


28 

29 


2.0 
6.0 
6.0 
4.4 
5.0 


4.0 
4.0 


10 
5.0 


b480 

6420 
5450 

2670 

10500 

10500 

2530 

2690 


750 
742 
044 


7.2 
7.7 
7.2 
7.7 
7.2 

8.1 
8.1 
8.3 
8.6 
7.8 

7.5 
7.8 
7.3 
7.3 


12.0 

10.5 

10.5 

9.5 

9.5 

12.0 
11  .5 
12.0 
12.0 
15.0 

15.0 

9.5 

10.0 

11.0 


120 
37 
15 


2600 

2500 
1700 

41 

660 

490 

48 

53 


390 
390 

460 


1900 


440 


930 


1800 

300 

1300 

270 

0 

6 

0 

57 

0 

110 

0 

11 

0 

10 

44 

79 

44 

80 

210 

57 

420 

960 

260 

810 

6.1 

640 

130 

1900 

50 

1900 

4.9 

650 

6.7 

700 



4b 

20 

46 

17 

76 

38 

43 

46 
50 

97 
86 
89 
96 
96 


10 

9 

15 


44 
32 
38 
41 
42 


.4 
.4 
.8 
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Table   40.— Chemical,  heavy  metals, .sad    radiochemical   analyses   of  ground   water    from   the  vicinity   of 

the  Hanging  Woman   Creek  study  area. — continued 

DIS- 
SOLVED DIS-  0TS- 
PH-  ALM-  TOTAL  UIS-  SOLVED  SOLVED  DIS- 
1  AS-  dICAk-  CAK-  LIMIY  CARBON  SUL-  SuLVFD  CHL0-  FLUU-                                                           SOLVED 
IDENTIFICATION         SIU"  BOiMAlF  RUNATt  AS  DIOXIDE  FIDE  SULFATE  kTL)E  WIDF         BNOMIuF          TUDIOE         SILICA 
NUMBER                    IK  J  CHC03)  (COi)  CAC03  (C02)  CS)  CSOt)  (CD  CF)                  (BR)               (I)               (SIP2) 
(MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)  (MG/L)          (MG/L)          (MG/L)          (MG/L) 

1  3.7  1262  0  1035  13  --  45  22  1.1                    --                   --                 7.6 

2  7.9  756  0  *>20  24  --  3600  la  .3                    --                    --               11 

3  1.5  336  0  276  27  --  150  4.9  .b                    --                    --               12 

4  12  854  0  701  22  --  1400  29  .4                    --                    --               12 

5  4.3  1550  9  1290  7.9  --  .3  16  2.1                    --                    --                 9.2 

6.4  1150  0  9i|  6  29  --  1100  18  1.0 

7  4.B  1/190  79  1480  4.2  —  59  19  .9 

8  13  1180  0  908  60  --  2700  47  .6 

14  1180  0  970  119  .8  2b0u  17  .8        .2       .01 

9  10  694  0  569  35  —  1600  16  .6 
11  670  0  550  107  .7  1700  13  1.0        .1       .00 

10  3.9  1420  0  1160  18  —  .8  15  2.0 
5.0  1420  0  HoO  23  —  5.5  17  2.0 

11  7.8  716  0  5b8  14  --  3800  1«  .3 

12  5.8  1720  0  1410  35  .6  43  25  1.7        .0       .01 
5.7  1740  0  1430  18  —  45  26  1.5 

13  4.4  1590  0  1310  16  --  .3  24  1.7 


046 

29 

1480 

4.2 

9b8 

60 

070 

119 

569 

35 

550 

107 

1  160 

18 

1160 

23 

588 

14 

1410 

35 

1430 

18 

1310 

16 

1290 

40 

1560 

15 

1550 

60 

570 

'8 

272 

11 

554 

17 

48° 

30 

530 

52 

800 

78 

1150 

56 

744 

46 

8. 

6 

7. 

7 

10 

13 

11 

11 

8. 

,4 

8, 

5 

10 

10 

9, 

16 

O. 

,7 

12 

8. 

,1 

9, 

,0 

15 

8, 

,3 

14 

12 

12 

15 

14 

14 

4.5  1570  0  1290  uu  .5       9.2  24  1.8        .0       .01 

14  5.1  1890  7  1560  15  --      61  36  1.3 
5.7  1890  0  1550  60  .4      64  31  1.4        .0       .01 

15  7.7  690  0  570  '8  —  2800  2?  .4 

16  3.9  .330  0  272  11  --  270  4.0  .6 

17  7.8  '660  0  554  17  --  2300  13  1.9 

18  6.8  596  0  48°  30  --  2800  17  .2 
7.4  650  0  530  52  .5  3000  16  .4        .1       .01 

19  22  976  0  800  78  --  610u  3*  .4 

20  12  1400  0  1150  56  —  1800  40  .6 

21  9.6  907  0  744  46  --  3200  33  .4 

22  8.8  «46  0  694  27  --  3700  ^6  .4        --        --      12 

9.3  "40  0  690  27  --  3600  26  .3        --        --      15 

23  28  493  0  4u4  50  --  3000  56  .3        --        --       8.2 

24  5.3  1610  0  1320  20  --     130  d?.  2.9        --        --       7.5 
2£           18  1230  0  1010  16  --  3900  2«  1.5        --        --       8.0 

20  —  0  1070        --  .8  3b00  28  1.5        .3       .00       7.8 

26  4.6  1660  73  1610       7.3  --        .5  16  2.1        --        --       8.4 

27  5.4  1860  0  15S0  48  --        .0  18  l.B        --        --       8.6 

28  1.6  422  0  346  11  --      71  6.7  .6        --        --      16 
1.7  422  0  346  34  —      55  6.0  .b        --        --      13 

29  4.2  301  0  247  24  --  270  3.9  .7        --        --       2.1 
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Table  40. — Chemical,    heavy  metals,    and   radiochemical   analyses   of   ground  water    from   the  vicinity  of 
the  Hanging  Woman   Creek   study  area. — continued 


DIS- 

TUTAL 

DIS- 

DIS- 

10TAL 

TOTAL 

SOLVED 

NHN- 

TOTAL 

SOLVED 

TOTAL 

SOLVED 

TOTAL 

KJEL- 

FILT- 

SHLTDS 

F1LT- 

DIS- 

DIS- 

NITKTTF 

NITRITE 

AMMUMIA 

AMMONIA 

DIS- 

ORGANIC 

DAHL 

9APLF 

(SUM  OF 

PARLF 

SOLVED 

SOLVFO 

PLUS 

HLUS 

NTTRO- 

NITKO- 

SOLVED 

NITHO- 

NITPU- 

IDENTIFICATION 

HESTDHt 

C0N5TI- 

KFSTlAlt 

MITrMF 

MIT»ATt 

MT^IATF 

NIT9ATE 

GEN 

GFN 

AMMUMA 

GEN 

GEN 

NUMBER 

TUFNTS1 

OO 

(NOi) 

(.M) 

(N) 

(N) 

(N) 

(MH«) 

(N) 

(N) 

(MG/L) 

(M&/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(MG/L) 

(Mb/L) 

(MG/L) 

(Mb/L) 

(MG/L) 

(MG/L) 

1 

.. 

1*50 



.00 

.00 

.. 

.. 



.. 

.. 

_. 

__ 

2 

-- 

5660 

-- 

1.5 

6.5 

— 

-- 

-- 

-- 

— 

-- 

-- 

3 

-- 

US* 

-- 

.OS 

.20 

— 

-- 

-- 

-- 

-- 

— 

— 

4 

— 

b"40 

— 

1.7 

7.5 

-- 

-- 

-- 

-- 

— 

-- 

— 

5 

— 

1370 

— 

.03 

.10 

— 

— 

— 

— 

— 

— 

— 

2600  —  <.o? 

7  --              1S70  «  1.9                 8.6 

8  ■•-               4900  --  <.02 

4980  —  —                       —                     .U9                    .01                                             2.4                    3.1                           —                 2.4 

9  --               29^0  —  <.02 

3000  —  --                   --                 .01                  .01                                      2.0                 2.6                                        1.9 
10                                --              1280 

1270  --  --                    --                  .97                                       2.5                                                                    .30               2.B 


.03 

.  10 

.04 

.20 

.16 

.70 

12 

53 

.6" 

3. 

.0 

z. 

.5 

11 

.09 

."1 

.01 

.01 

.97 

-- 

.05 

.05 

.02 

.01 

11  --  5°10 

12  1600  1610  --  --  .05  .05  --  2.9  3.7  --  2.7 
1610 

13  --  1420 
1500  1130  1  .02  .01  2.«  3.6  3.0 

14  --  1730 
180u  1800  --  .U2  .02  3.3  a. 3  --  3.2 

15  —  4560 

16  —  631 

17  —  3760 

18  --  4660  —  1.9  K.5 

4610  —  —  —  5.0  3.2  —  .00  .00  .00  .85 

19  --  94b0  —  <.02 

20  --  3800  —  .IP  .80 

21  —  5210  --  <.0? 

22  —  5880  —  .05  .20 


-- 

5750 

— 

.03 

.10 

-- 

23 

— 

4650 

-- 

.18 

.80 

— 

24 

1800 

1610 

250 

.. 

.. 

.02 

25 

7300 

O650 

140 

-- 

-- 

.oo 

3400 

6360 

36 

-- 

« 

.0! 

26 

« 

1600 

— 

.09 

.40 

— 

27 

-- 

1670 

-- 

.07 

.30 

— 

28 

__ 

461 

_. 

1.7 

7.4 

__ 

-- 

438 

-- 

1.8 

7.8 

-- 

29 

— 

760 

— 

.68 

3.0 

— 

2.1  --  —  .30  2.4 

7.0  --  --  .30  7.3 

3.8  --  --  2.4 
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Table   40. — Chemical,    heavy  metals,    and   radiochemical   analyses  of   ground  water   from   the  vicinity  of 
the   Hanging  WomaTTXreek  study  area. — continued 


0TS- 

DIS- 

DIS- 

DIS- 

DIS- 

SULvED 

SOLVED 

DIS- 

DIS- 

SOLVED 

DIS- 

0IS- 

01s- 

SOLVED 

DIS- 

SOLVED 

DIS- 

CAD- 

LHwn. 

SOLVED 

SOLVE 

GER- 

SOLVED 

SULVEU 

SOLVtD 

MAN- 

SOLVED 

MOLYB- 

SOLVED 

DENTIFICATION 

MTU" 

MIUI-! 

COPPFK 

GALLIUM 

MANIUM 

IRON 

LFAD 

LITHIUM 

GANESE 

VERCUKY 

DENUM 

MCKEL 

NUMBER 

(CD) 

CCR) 

(CU) 

(GA) 

(GE) 

(FE) 

(P8) 

(LI) 

(MN) 

(HG) 

(MU) 

(NI) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

Ulb/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

(UG/L) 

1 

— 

-- 

— 

— 

— 

10 

— 

— 

10 

-. 





2 

-- 

— 

— 

-- 

— 

50 

— 

-- 

2°0 

-- 

-- 

— 

3 

— 

-- 

-- 

-- 

-- 

20 

-- 

-- 

SO 

-- 

-- 

-- 

4 

« 

-- 

-- 

-- 

-- 

4  0 

— 

-- 

1510 

-- 

— 

.. 

5 

<10 

<in 

10 

— 

— 

80 

<1u 

40 

0 

<.3 

<?0 

30 

9 

10 


10 

<10 

ao 

<10 

20 

10 

0 

10 
0 

0 

<10 

0 

0 

10 

0 

710 

0 

30 

moo 

20 
150 

50 
230 


<10 

200 

0 
<10 

2 


150 

250 

250 
230 
220 


30 

0 

2S0 

370 

20 

30 

0 


.0 
.0 
.2 


<20 

0 

<20 

0 


50 
30 


11 
12 


13 


15 

16 
17 


19 
20 
21 


24 
25 


26 
27 


0 

0 

5 

<10 

-- 

10 

<to 

<10 

<lu 

0 

n 

0 

<10 

<10 

<10 

0 

0 

u 

10 

<10 

lu 

0 
10 

lo 

20 


20 
10 


<J0 


10 

<10 

in 


^0 
10 


'1? 

<-y  o 

<l  uo 


u 

30 
10 
30 


20 

10 


<3 

<10 
10 

10 


<b 

<20 

<ao 


<\6 

<60 

<150 


30 

a?o 
loo 

BO 
1  10 

<10 

ao 

60 

20 

1  10 

0 

220 

390 

30 

70 


190 

5" 
0 

50 

210 

940 

0 

1  10 


4 

<10 

10 

0 

<10 

2 

120 

ao 


2 

160 
<10 
<10 


<10 

eo 


<12 

<ao 

<100 

<io 


no 

90 

loo 

110 
120 

2ao 

200 


210 
500 
260 
260 


270 
290 


150 
a20 
3b0 

110 


0 

ao 

50 

10 

0 

10 
10 

aoo 
o 

1=0 

10 
30 
60 
20 
olO 


&ao 

0 

<12 

ao 

AO 

0 

30 


.0 

.0 
<.3 
<.3 


.0 

.0 

<.5 


0 
<20 
<20 

0 

<20 

0 

<2o 

<20 


0 
<20 
<20 
<20 


<20 
<20 


20 

90 

<50 


20 
60 
80 


120 

40 
90 


60 


<12 

<a0 
tio" 


28 


20 

0 

0 
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Table  40. — Chemical,  heavy  metals,  and  radiochemical  analyses  of  ground  water  from  the  vicinity  of 
the  Hanging  Woman  Creek  study  area. — continued 

1)IS- 

sni_-     D1S-     UIS-  nis- 

ToTAL     TOTAL     TuTaL     TOTAL      VFD-     SOlVE^    SOLVED  01S-  DIS-  SOLVtD     OIS-      DIS- 

NITkO-    NIT"U-    PHOb-     PuuS-      PHOS-    ALUM-     AmTI-  SOLVE1)  SOLVED  6EWYL-    SOLVED    SOLVED 

IDENTIFICATION   KEN       0t_N      PriOnus    PHUPuS    PH04US    IMJM       HONY  ARSENIC  BARIUM  LIUM    blSMUTH    bOKON 

NUMBER       (N)      CN03)      (PJ      (Pu«)      (P)       (AD      CSb)  US)  C  P.A )  tbF)      (P.I)       ( B ) 

(MG/L)    tMb/L)    tMG/LJ    ("c/D    (MG/U    CUG/L)    (UG/Lj  (Uo/Ll  CUG/L)  OWL)    (UG/L)    CUG/L) 

5             —        --        —        —       .lt>        50      <200  <?  --  <S 


7 

8  --        --        —        --       .1J       100       200        <?        —        <S 


— 

— 

— 

— 

.04 

510 

-- 

-- 

— 

-- 

— 

-- 

-- 

— 

" 

-- 

.13 

100 

?.s 

1  1 

.01 

.03 



50 

— 

-- 

— ■ 

— - 

.15 

140 

1 .4 

6.5 

.0b 

.18 

-- 

0 

3.B 

1  7 

.10 

-- 

-. 

— 

9 
10 


11 

12  2.8      12  .0b       .IS 


3.0 


.23 


?6 


<? 

— 

-- 

-- 

<? 

— 

, 

0 

<2 

— 

0 

0 

13 


15 
16 

17 


19 
20 
21 

22 

23 

24  ?.u      11  .20 

25  7.3      32  .07 
fc.2      ?8  .Oil 

27  --        —        --        --       .07        70        —        <? 


B0 

100 

BO 


-- 

0 

-- 

0 

300 

-- 

-- 

1  10 

.07 

-- 

<200 

<2 

— 

<5 

— 

— 

«8 

80 

20 

<? 

— - 

<S 

-- 

— 

— 

0 

— 

0 

400 

" 

— 

110 

.02 

120 

<200 

<? 



<5 

.- 



-- 

0 

— 

0 

300 

-- 

— 

40 

.13 

<50 

210 

<2 

— 

<s 

-- 

— 

.It 

<50 

230 

<2 

-- 

<5 

-- 

" 

"" 

30 

" 

0 

0 

"■ 

"" 

130 

.04 

<50 

310 

<2 

— 

<s 

— 

— 

.07 

<50 

<200 

<? 

— 

<s 

-- 

— 

.03 

70 

430 

<? 

~" 

<s 

" 

"" 

.17 

<50 

4S0 

<2 

— 

<s 

-- 

— 

.25 

70 

2"0 

<? 

— 

<s 

— 

— 

-- 

™ 

-- 

— 

— 

~ 

-- 

— 



40 



1 

80 

<3 

<18 

<12 

-- 

loo 

— 

1 

77 

<10 

<60 

<40 

-- 

120 

-- 

0 

70 

<30 

<100 

<1  00 
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-Chemical,    heavy  metals,    and   radiochemical   analyses   of   ground  water   from   the  vicinity  of 
the   Hanging  Woman  Cxeek  study  area. — continued 


DIS- 

SUS- 

DIS- 

SUS- 

DIS- 

DIS- 

DIS- 

918- 

DIS- 

SOLVED 

PENDED 

SOLVED 

PENDED 

SOLVED 

DIS- 

SOLVED 

DIS- 

SOLVED 

SOLVtD 

L.  T  3- 

SOLVED 

GROSS 

GROSS 

GROSS 

GROSS 

SELE- 

SOLVED 

STRUN- 

SOLVED 

TI- 

VANA- 

SOLvED 

zir- 

ALPHA 

ALPHk 

BETA 

BETA 

IDENTIFICATION 

NIUM 

SILVER 

TTU« 

TIN 

TAN  II  111 

DIUM 

ZTfjC 

conium 

AS 

AS 

AS 

AS 

NUMBER 

(SE1 

(AG) 

CSR) 

(SM) 

(Til 

(V) 

(ZN) 

(ZR) 

U-MAT  . 

U-imAT. 

Cb-137 

CS-137 

(UG/L) 

CUG/L) 

CUG/L) 

CMo/L) 

(UG/L) 

(HG/l) 

Cun/L) 

(UG/Ll 

tUG/L) 

(II&/L) 

(PC/L) 

(PC/L) 

1 



— 

— 



— 

— 



.. 

-- 

— 

_. 

._ 

2 

« 

-- 

-- 

— 

« 

« 

— 

-- 

-- 

-- 

— 

— 

3 

— 

-- 

-- 

« 

« 

« 

— 

-- 

-- 

-- 

-- 

— 

4 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

.- 

.. 

.- 

5 

<2 

<10 

390 

to 

~ 

— 

30 

— 

-- 

— 

— 

— 

10 


0 


b"U 

-- 

Sinu 

Sin 

uaoo 

.. 

3u7u 

J  1  o 

?-»oo 

13" 

8  <2  <10 

0 

9  <i  <10 


1         40 

uu 

?        60 

11 

12  0  --  37o 


<10 

uno 

120 

<10 

2R0 

-- 

-- 

2«0 

— 

<10 

4?0 

150 

-- 

410 

-- 

<10 

aeoo 

1100 

<in 

(ICll) 

°10 

— 

3iny 

-- 

in 

1 1  ono 

l«un 

<10 

5600 

530 

in 

S^no 

7/0 

__ 

.. 

__ 

in 

sunu 

°10 

— 

— 

— 

-- 

anno 

1^00 

— 

-- 

— 

<? 

470 

<1« 

<a 

3400 

<t>0 

<in 

4400 

<nm 

1.? 

39u 

— 

49c 

-- 

lu 

.s 

lu 

.. 

Su 

1  .6 

10 

« 

20 

<2 
<2 

0  --  2«0  --  —  .S  lu  --  <17  <.4  <7.3  <.« 


14  <2 
0 

15  17 
16 
17                                <2 

18 

1  --  33no  --  --  .?  350 

19  2  in  llijOO  1»U0  —  —  23u 

20  <2  <10  5600  53H  —  --  luu 

21  <d  in  s^no  7/0  --  --  no 

22  <2 

<2 
23 

24  —  470  <1«  <b  <12  310  <1«  <?0  27  <7.u  in 

25i  --  <u  3400  <t>0  <?o  <an  io  <bO  <«3  =.Q  <?3  6.1 

0  <in  aanu  <10n  <Pu  <75  30  <1S0  <52  1.6  <18  l.« 

26 
27  <i 

28 
29 
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Table  40. — Chemical,  heavy  metals,  and  radiochemical  analyses  of  ground  water  from  the  vicinity  of 
the  Hanging  Woman  Creek  study  area. — continued 


DIS- 

SUS- 

DIS- 

SOLVED 

PENDED 

SOL- 

GROSS 

GROSS 

TOTAL 

VED 

BETA 

RtTA 

URbAiMlC 

ORGANIC 

IDENTIFICATION 

AS  SR9u 

A3  SR90 

CARBON 

CARBON 

NUMBER 

/YvO 

/VO 

(C) 

(C) 

1 
2 
3 
4 
5 

(PC/L) 

(PC/L) 

(MG/L) 

(MG/L) 

-- 

— 

—  ~ 

—  - 

9 
10 


13 


14 

15 
16 
17 

18 

19 
20 
21 


22 


23 


6.6 
S.9 


11 

12  --        --        --      11 


<5.8       <.4        —       6.2 


5.0 


4.0 


24 

<5.o 

8.8 

25 

<19 

4.K 

<14 

1  .5 

26 

— 

-- 

27 

— — 

— — 

28 

-- 

— 

29 

__ 

__ 

6.7 


159 


All  but  three  concentrations  of  dissolved  solids,  most  concentrations  of 
dissolved  sulfate,  and  several  concentrations  for  iron  and  manganese  for 
water  samples  collected  from  wells  in  the  East  Trail  Creek  area  are 
greater  than  the  recommended  maximum  concentrations.   The  only  abnormally 
high  concentration  observed  for  a  minor  element  was  for  strontium.   The 
highest  concentration  was  11,000  ug/1  (micrograms  per  liter)  in  well 
09S44E07BBCC 1  which  taps  the  Anderson  coal.   Wells  tapping  other  aquifers 
also  contain  high  strontium,  but  no  deleterious  effects  are   known  to  be 
caused  by  this  element.   The  d i ssol ved-sol i ds  concentrations  in  all  samples 
are  below  limits  for  drinking  by  beef  cattle  (McKee  and  Wolfe,  1963). 

The  analyses  of  water  from  the  Hanging  Woman  Creek  study  area   can  be 
separated  into  three  distinct  groups  according  to  dominant-ion  concentrations 
(Figures  4  3  and  kk)  : 

Group  I  is  dominated  by  Na  and  HCO3  ions  with  d i ssol ved-sol i ds 
concentrations  generally  ranging  from  about  1,200  to  3,000  mg/1. 
Group  I  analyses  generally  describe  the  chemical  quality  of  water 
in  the  reducing  environment  of  coal  aquifers. 

Group  II  is  dominated  by  Na,  Mg ,  and  SO^  ions  with  d i ssol ved-sol i ds 
concentrations  generally  greater  than  2,500  mg/1.   Group  II  analyses 
generally  describe  the  chemical  quality  of  water  in  the  oxidizing 
environment  of  alluvium,  units  within  the  shallow  Tongue  River  Member, 
or  coal  beds  immediately  subjacent  to  alluvium,  or  eroded  and  filled 
by  alluvium.   Analyses  of  water  from  East  Trail  Creek  (Table  37) 
also  are  included  in  this  group. 

Group  III  is  dominated  by  Ca,  Mg ,  HCO3  and  SO^  ions  with  dissolved- 
sol ids  concentrations  less  than  about  800  mg/1.   Group  III  analyses 
i    come  from  four  sample  locations  that  do  not  readily  correlate 
areally  or  vertically  with  other  analyses  or  geology. 

The  variability  of  ground-water  quality  can  be  attributed  to  the 
abundance  and  composition  of  soluble  minerals  in  aquifers  and  percolation 
zones,  the  flow  path  taken  by  the  water,  the  amount  of  time  water  resides 
in  the  ground,  the  chemical  reactions  that  take  place,  and  the  amount  of 
mixing  between  waters  in  different  aquifers.   Specifically,  water  in  coal 
aquifers  that  initially  percolate  through  overlying  material  probably 
changed  chemically  from  Group  II  to  Group  I  water.   A  simple  reaction 
creating  this  change  could  be  sulfate  reduction  as  the  water  migrated 
from  the  oxidizing  environment  of  the  alluvium  to  the  reducing  environment 
of  the  coa 1 : 

SO/4-2  +  2C  •  H20j v  2HC03~  +  H2S 

v ' 

coal 

Although  the  process  almost  certainly  occurs  in  coal  beds,  alkalinity 
does  not  increase  in  proportion  to  the  reduction  in  sulfate.   Therefore, 
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Base  from  U.S.  Geological  Survey,  state  bas 


EXPLANATION 


EOCENE  AND 
PALEOCENE 


lOall  ALLUVIUM  -  Mostly  floodplain  deposits  of  silt,  clay,  and  fine  gravel; 
and  colluvium.   Maximum- th i ckness  '|0  feet. 

|*»J   CLINKER  -  Baked  sandstone,  siltstone  and  shale  of  Fort  Union  Formation 
produced  by  the  burning  of  Anderson  coal  bed.  Maximum  thickness  50  ft. 

|   |  WASATCH  FORMATION  AND  TONGUE  RIVER  MEMBER  OF  THE  FORT  UNION  FORMATION 
sandstone,  siltstone,  shale,  and  coal. 


U 


Geologic  contact.   Dashed  where  concealed. 

Fault.   U,  upthrown  side;  D,  downthrown  side;  dashed  whe 


*"5L 


HC03 


50       0       50 

Mi  I  1 iequivalents   per    liter 


Drainage    boundary    for    East   Trail    Creek. 

A  Stream-gaging   and   water-quality   station. 

y  Low-flow    streamflow   station    (flume). 


I9(e») 


Well— circle  indicates  chemical  analysis  of  water.   Number 
identification  from  tables  **0  -  Al.   Letter  is  geologic  sou 
A,  alluvium  or  shallow  non-coal  unit  of  Tongue  River  Member 
C,  coal;  C*,  coal  in  contact  or  near  contact  with  alluvium; 
0,  compos  i  te. 


~~j  Group  I  -  reducing  environment  of  coal  aquifer. 

I IGroup  II  -  Oxidizing  environment  of  alluvium, 

L^J  units  within  shallow  Tongue  River  Member,  or 
coalbeds  subjacent  to  alluvium. 

~|Group  III  -  Analysis  not  correlated  with  geology. 


Figure    43.     map  showing  geology,  measurement  sites,  and  ground-water  quality 
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28 


Water  analyses  from   alluvium  and   Tongue  River  Member 
Number    is  identification    from  tables  40  8  41 


T       Indicates    analyses   which  appear  to  be  transitional 

between   oxidizing   environment   of  alluvium   and  reducing 
environment   of  coal 


Figure  44   Water-analysis    diagram  of  ground  water. 
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this  process  alone  cannot  explain  the  observed  alteration.   In  addition, 
the  changes  in  dominant  ions  together  with  a  general  decrease  in 
d i ssol ved-sol ids  concentration  suggest  more  complicated  processes. 

Another  su 1 f ate-reduc ing  reaction  requires  the  presence  of  anaerobic 
bacteria  as  a  catalyst: 

en  "2   ru        anaerobic  _     _  -   _  - 

SO,    +  CH,      — : : >-    H0S  +  HCO-   +  OH 

4       4       bacteria  2       3 

A  sul fate-reduci ng  reaction  that  may  occur  in  the  presence  of  ferrous  iron 
is  : 

2Fe+2  +  ^SO^"2  +  2H20  +  7C  ^  2FeS2  +  4HC0  "  +  3C02 

Cation  exchange  in  clay  surfaces  along  the  ground-water  flow  path  also  may 
occur  in  this  chemical  process,  as  in  the  replacement  of  calcium  and 
magnesium  by  sodium. 

The  variability  of  ground-water  quality  might  also  be  attributed  to 
juxtaposition  of  coal  beds  and  alluvium  across  the  East  Trail  Creek  fault, 
which  may  be  analagous  to  the  coal -spoil  interface  at  the  edge  of  the 
strip  mine.   Some  wells  tapping  a  coal  bed  upstream  and  downstream  from 
the  fault  contain  water  in  Group  I  and  Group  II,  respectively.   The 
difference  in  water  classification  could  be  the  result  of  elevation  of  the 
Anderson  coal  bed  on  the  downstream  side  of  the  fault  into  an  oxidizing 
environment.   Analyses  6,  8,  9,  and  20  (Tables  40  and  4l ,  and  Figure  44) 
from  wells  tapping  the  Anderson  coal  far  removed  from  the  alluvium  show 
cation  and  anion  distribution  that  appears  to  be  transitional  between 
Groups  I  and  II.   These  analyses  possibly  represent  the  condition  of  shallow 
water  being  introduced  into  the  coal  on  the  upthrown  block  of  the  fault. 
If  so,  the  hypothetical  chemical  processes  may  be  in  a  transient  state. 

Well  09S44E16ACCB  was  drilled  1 83  feet  (56  m)  into  the  Anderson  coal 
bed  on  the  upthrown  (south)  block  of  a  small  fault  (Figure  43)  having  a 
displacement  of  about  110  feet  (3-35  m) .   This  well  produces  gas  under  a 
constant  pressure  of  about  18  lb/in^  (1266  g/cm  ) .   The  gas  composition 
was  analyzed  as  96.7%  methane  and  2.1%    nitrogen  with  traces  of  carbon 
dioxide  and  ethane.   Methane  gas  can  be  produced  in  coal  by  oxidation  of 
the  coal : 

2C  •  2H  0 >       CO  +  CH, 

coal 

or 

Coal   .v.     Coal  (oxidized)  +  CH, 

In  either  reaction,  methane  gas  is  produced  and  may  be  available  for 
processes  discussed  earlier  or  as  free  gas  structurally  trapped  by  the 
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Table  41.— Percentage  reacting  values  used  In  the  water-analysis  diagram   (Figure  44). 

SAMPLE    IDENTIFICATION  PERCENTAGES 

IDENTIFICATION                                                  OATt/Y/*VD    IWt  NA+K       CAtMli          CA                Ml,          rlCOJt       CLt504          Cl             S04             N03       BALANCE 

NUMBER"  CUJ            tN03 

2.  09S44L27A8CB         STOCK    HELL    (CUMPUSITE)  057 

197b       6       4     1700  4o.6o       33.14       21.06       31.26       14.12       85.88          0.4b       65.41       -1.00           1.01 

3.  09S43E25BADC         STOCK    »Pk.  057 

1974  2    26     1650  13.14       bo.lo       3o.44       44.73       62.61        37.19           1.57        35.49       -1.00           1.00 

4.  U4544E20DCAA  STOCK    ntLL     tOIETZ    1    SNbSTONE)     057 

1975  6       4    1600  46.70       53.30       lo.uh       35.24       13.15       60.BS         0.77       66. Oe       -1.00          1.01 

5.  09S43E22ACCA         H/<C-1S               (ANuERSU*)  05/ 

1977       6    23    1210  97.61          2.19          1.04          1.15       98.25          1.75          1.72         0.02       -1.0O          l.u5 

6.  09S43t 140885    HAC-27       (ANDERSUU)  057 

1477   7   6  1400  95.31    4.69    2. JO    2.39   44. aO   55.40    1.20   54.10   -1.00    1.03 

8.  09343E13CAAA  2  hnC-07       (ANDERSON)  057 

197/   4  29  1000  7j.05   29.95   11.31   16.64   25.16   74.64    1.72   73.09   -1.00    1.03 

09S43E13CAAA  2  HkC-07       (ANDtKSUN)  057 

1977   4  29  12u0  70.06   29.94   11.31   13.64   24.76   75.24    0.61   74.59   -1.00    1.04 

9.  09s43E13Bl)Bb    hwC-17       lAr>OERSUN)  057 

1977   4  19  1000  68.07   31.93   10.65   21.26   25.20   74. oO    1.00   73.75   -1.00    0.97 

09S43E13BUBB    M 1-.  L  - 1 7      (ANUEKSUN)  057 

1477   4  27  1730  66.68   33.32   11.9!   21.41   23.49   76.61    0.76   75.  c>4   -1.00    1.02 

XO.           09S45E07CCAO    STUCK  «ELL  (ClHKUS  I  TE )  057 

1974   2   2  1450  96.65    3.35    2.04    1.30   98.15    1.85    1.78    0.07   -1.00    0.99 

11.  09S44E10CBAD    STOCK  hELL  (ALLUVIUM)  057 

19/5   6   4  1830  43.6b   5o.3c   1«.74   41.53   12.65   87.15    0.56   86.58   -1.00    .1.00 

12.  09S44E0  7AUDC  1  HnC-06       (D1EW)  05/ 

19/7   4  26   940  96.91    3.09    1.56    1.52   94.63    5.37    2.36    3.00   -1.00    1.00 

09S44E07ADDL  1  rmC-06       (L/1ETZ)  057 

1977   4  26  1000  96.96    3.02    1.48    1.54   94.4/    5.53    2.42    3.10   -1.00    1.03 

13.  04S44E08oUDC    MrtC-18       (A.'vOERSjN)  057 

1977       4    28    1000  9/. 46         2.54          1.21          1.33       97.45         2.55         2.52         0.02       -1.00          1.03 

09644E088OOC         HUlC-18               (A.yOEkSON)  057 

1977       4    28    1630  97.44         2.56          1.26          1.27       96.74         3.26         2.54         0.72       -1.00          1.01 

14.  09S44E07AOCD         rtiVL-2o               (ANDERSON)  057 

197/        4    26     1^00  96.50          J. 50           1.81           1.69       93.35          6.b5          2.63          4.01        -1.00           1.01 

15.  09S44E07ADAC          H*C-34                (ALLUVIUM)  u57 

1977       9    29    2140  42.71        57.29        19.47       3/. 82        16.10       63.90          0.88       82.99       -1.00          0.96 

16.  09S44EU8DAA          STOCK    wtLL     (COMPOSITE)  057 

1475       b       3    1100  14.5/       85.43       32.26       63.17       46.54       51.46          1.01       50.31       -1.00          1.00 

17.  09S44E07AUAO          HI-.C-33                (ALLUVIUM)  06/ 

1977       9     13     10OO  34.26       60.74        19. o5       40. -19       18.76       81.24          0.62       80.48       -1.00          0.99 

18.  09S44EO/AUAA  STULK     AfcLL     ( AnUE RSUN    K    ALLVW)     057 

1974       2    26    1140  40.25       59.76       20.72       34.03       14.25       85.75         0.70       85.04       -1.00          1.02 
09544E07AUAA          SIUCK    nELL     (ANOEhSON     l    ALLVM)     057 

1977       4    2b     1130  3J.40       06.60       22.52       44.08        14.48       85.52          0.61       84.68       -1.00           1.04 

19.  09S44EO768LC     1    HnC-29               (AV)EKSON)  057 

147/       4    27     1340  64.00       45.40        16.43       28.47       11.10       68.41/          0.74       88.14       -1.00          1.00 

20.  09S44co888a6    2    M<C-26                (ANJEKSJN)  057 

1977       4    28     1000  61.87       38.13       14.40       23.73       37.26       62.72           1.83       60.86       -1.00          0.99 

21.  09S43E12ABDD     1     n.vC-35  (AinUEkSUIM    i.    ALLVH)     u57 

1977       6    21     1300  46.66       53.44       15.66       37.77        18.04       81. 9o          1.13       60.61       -1.00           1.00 

22.  09643E  12A61'0    2    HKC-36                (ALLUVIUM)  057 

19/7       6    21     1500  43.59       5b. 41        17. o4       36.77        15.13       84.67          O.80       84.05       -1.00          0.96 

09S43E12ABDD    2    HwC-36                (ALLUVIUM)  057 

19/7       4    20       700  45.64       54.11        lo.38       37.75       15.39       84. ol           0.82       83.77       -1.00          0.98 

23.  09S43E1068AO         STULK    aELL    (COMPOSITE)  057 

1974       2    26     1420  50.7/       49.23       19.03       30.20        11.20       88.60          2.19       86.59       -1.00           1.02 

26.  04S44tOlAUAA           SlOCrv     I'.fcLL     (AOEKSON)  057 

19/4       2    28     1630  9o./l          3.24          1.42          1.57       48.47          1.53          1.49          0.03       -1.00          1.03 

27.  08S44E320UA8         rftC-26               (AM/ERSun)  057 

1977       7       6     1240  4o.oe           3.32          1.58           1.74       98.38          1.62           1.62          0.00       -1.00          0.99 

28.  06S44E35AUUC         STOCK    nfcLL     (COMPOSITE)  057 

1974  t       3     1115  10.35       89.65       44.79       44.86       60.58        14.42          2.14       17.16       -1.00          0.96 
08S44E35AOUC          STUCK    WtLL     (COMPOSITE)  057 

1975  o     19     1000  9.15       9U.6S       46.65       44.20       84. U J       15.97          2.05       13.60       -1.00          0.47 

29.  08S44E22UCD6         STUCK    «\tLL     (CuMPUSlTE)  057 

1475       6    19    1000  16.22       63.76       26.20       57.58       46.26       53.74          1.03       52.53       -1.00         0.99 

"Missing   numbers    indicate   analyses  with    incomplete   determinations  or    ion    imbalance. 
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fault.   The  presence  of  this  gas  also  indicates  that  care  should  be  taken 
during  drilling  and  testing  of  very  shallow  coal-bearing  formations  to  keep 
the  gas  from  igniting. 

Future  Hydrologic  Studies 

Monitoring  of  streamflow,  ground-water  levels,  and  water  quality  will 
be  continued  to  more  completely  define  seasonal  fluctuations  and  the 
baseline  hydrologic  system.   Continued  data  collection  will  also  be  used 
to  determine  basin  reaction  to  severe  and  unique  hydrologic  events.   Results 
from  the  monitoring  program  will  be  periodically  analyzed  to  determine  the 
need  for  continued  data  collection. 

Additional  data  will  be  collected  on  the  relationship  of  flow  between 
East  Trail  Creek,  the  alluvium,  and  coal  beds  in  the  vicinity  of  the  East 
Trail  Creek  fault.   In  addition,  cross-fault  hydraulic  and  chemical 
quality  experiments  might  be  performed  on  the  water-table  aquifer. 

Continuing  data  collection  and  instrumentation  are  planned  to  help 
calibrate  and  verify  a  hydrologic  model  for  the  study  area.   The  results 
of  the  model  effort  should  refine  knowledge  of  the  hydrology  and  help 
provide  solutions  to  water  problems  associated  with  alternative  mining 
plans.   The  need  for  additional  data  collection  must  also  be  determined. 
Monitoring  during  and  after  mining  also  is  necessary  to  assure  optimum 
reel amat  ion. 
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Sediment  Yields 

The  sediment  yield  values  presented  for  this  area  were  derived  using 
a  numerical  rating  method  developed  by  the  Pacific  Southwest  Inter-Agency 
Committee  (PSIAC)  (I968).   They  have  been  judged  to  be  reasonably  accurate 
but  they  have  been  only  partially  verified  by  field  measurements. 

The  mapping  unit  that  is  the  basis  of  this  sediment  yield  evaluation 
is  the  source  area  which  is  defined  as  a  small  drainage  area  occurring 
on  a  single  landform  type  or  an  inseparable  complex  of  landforms  and 
which  is  only  part  of  a  complete  drainage  basin.   The  PSIAC  method  is 
used  to  assess  the  hydrologic  variation  of  the  given  landforms  as  well 
as  to  make  estimates  of  sediment  yield  from  them.   Numerical  ratings 
are  assigned  for  each  of  the  nine  factors  of  the  PSIAC  method  to  repre- 
sentative sediment-source  areas  in  accordance  with  the  degree  of  influence 
each  factor  has  on  the  sediment  yield  from  the  area.   These  nine  factors 
are  surface  geology,  soils,  climate,  runoff,  topography,  ground  cover, 
land  use,  upland  erosion  and  channel  erosion,  and  sediment  transport.   The 
method  was  developed  to  make  broad  sediment  yield  classifications  for 
large  areas,  such  as  river  subbasins,  but  Shown  (1970)  found  that  the 
method  provides  reasonable  estimates  for  small  drainage  basins  (.02  to 
7.5  sq  mi  (.05  to  19  km^)).  In  applying  the  method  on  source  areas,  some 
adjustments  are  made  because  a  complete  drainage  system  is  not  being 
considered.   Alluvial  fan  and  flood  plain  development  are  not  considered 
in  the  topography  factor  and  sediment-transport  capabilities  are    not 
considered  for  channels  that  originate  in  upslope  source  areas,  and  that 
cross  through  the  source  area  being  rated.   These  factors  are    taken  into 
account  later  when  making  estimates  of  sediment  discharge  from  drainage 
bas  i  ns . 

Interpretations  of  color  aerial  photographs  (1:24,000  scale)  were 
used  to  extend  the  source-area  sediment-yield  estimates  to  those  areas 
that  were  not  rated  during  field  investigations.   This  was  accomplished 
with  a  stereo  plotter  and  resulted  in  the  source-area  sediment-yield  map 
shown  on  Figure  45 .   The  slope  data  were  obtained  from  the  1:24,000 
USGS  topographic  quadrangles. 

The  complete  main  channel  system  was  classified  and  mapped  according 
to  channel  type  and  condition  (Figure  46)  to  aid  in  assessing  channel 
erosion  and  deposition.   The  channel  classification  was  done  by  interpre- 
tation of  the  aerial  photography  and  only  those  channels  that  were  larger 
than  third  or  fourth  order  according  to  Startler's  (1952)  classification 
were  del i  neated. 

Sediment  accumulation  was  measured  in  three  stock-water  ponds  in  the 
area  by  probing  from  a  boat.   Sed iment- trap  efficiency  of  these  ponds  was 
high  as  water  apparently  spills  from  them  infrequently.   The  average 
annual  rate  of  sediment  accumulation  in  the  ponds  (see  Table  42  on 
Figure  46)  was  divided  by  the  area-weighted  average  source-area  sediment 
yield  to  obtain  estimates  of  sediment  conveyance  factors  for  the  channels 
above  the  ponds.   The  sediment  conveyance  factor  represents  that  part  of 
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the  total  sediment  load  entering  the  main  channel  and  principal  tributaries 
that  is  transported  on  through  the  channel  system  and  not  deposited 
somewhere  enroute.   The  computed  sediment-conveyance  factors  were  used  as 
guides  when  applying  the  channel  classification  information  on  Figure  46 
to  obtain  estimates  of  the  sediment-conveyance  factors  for  subDasins  for 
which  estimates  of  annual  sediment  discharges  were  made  (see  Table  43  on 
Figure  46).   The  method  used  in  assigning  sediment-conveyance  factors  was 
the  one  reported  by  Frickel,  Shown,  and  Patton  (1975). 

Source-Area  Sediment  Yields 

Estimates  of  source-area  sediment  yields  as  shown  on  Figure  45, 
while  variable,  are   generally  low  in  the  East  Trail  Creek  basin.   Yields 
are  lowest  from  well-grassed  bottomlands  and  from  nearly  flat,  grassy 
mesas.   Yields  are  low  to  moderate  from  gently  sloping  pediments  and 
from  alluvial  aprons  along  valley  sides.   Highest  yields  occur  from 
relatively  barren,  dissected  hillslopes.   Areas  mapped  as  categories 
0.36  to  0.50,  0.51  to  0.70,  and  0.71  to  0.90  acre-ft/mi2  on  Figure  45, 
are,  in  general,  not  extremely  steep,  but  produce  moderate  to  high  sediment 
yields  because  they  are  well  dissected. 

Sediment  from  channel  erosion  is  included  in  the  source  area 
sediment-yield  estimates  but  channel  erosion  is  not  a  serious  problem  in 
the  area  as  channels  are  widening  and  deepening  in  only  a  few  places,  and 
then  at  slow  rates.   Most  raw  gullies,  which  comprise  about  3%   of  the  total 
channel  length  of  the  East  Trail  Creek  basin,  have  stable  banks  even  though 
the  gully  bottoms  are  barren.   There  are  a  number  of  headcuts  in  channels 
throughout  the  basin,  but  most  of  them  appear  to  progress  at  rates  that 
average  less  than  10  ft/yr  (3  m/yr) . 

In  a  few  places  in  the  basin,  it  was  observed  that  cow  trails  on 
slopes  had  intercepted  overland  flows  causing  rills  or  small  gullies  to 
form. 

Sediment  Discharge  from  Drainage  Basins 

Low  annual  rates  of  sediment  accumulation  were  measured  in  three  stock 
ponds  as  shown  in  the  table  below  the  explanation  (Table  42,  Figure  46). 
Correspondingly  low  mean  annual  sediment  discharges  were  estimated  for 
East  Trail  Creek  near  its  mouth  and  at  the  mouths  of  two  of  its  tributaries 
(Table  43,  Figure  46).   A  couple  of  other  factors  besides  the  source-area 
sediment  yields  being  low  cause  the  sediment  discharges  to  be  low.   At  a 
maximum,  only  about  one-fourth  of  the  sediment  which  enters  the  main 
channels  and  principal  tributaries  is  discharged  at  the  mouths  of  small 
basins  less  than  1  sq  mi  (2.5  km2)  in  size.   This  is  based  on  comparison 
of  the  source-area  sediment  yields  and  sediment  discharges  to  the  ponds 
of  the  three  basins  where  sediment  accumulations  were  measured.   In  those 
basins,  only  11  to  26%  of  the  sediment  entering  the  main  channels  and 
principal  tributaries  reached  the  ponds.   Apparently,  much  of  the  sediment 
entering  the  channels  is  deposited  on  channel  beds  and  flood  plains,  nearly 
all  of  which  are  well  vegetated.   About  80%  of  the  channel  length  in  the 
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East  Trail  Creek  basin  and  in  tributary  basins  was  classified  as  healed 
gullies  with  vegetated  beds  and  aboQt  10%  of  the  length  was  wel 1 -vegetated 
untrenched  channels.   These  channel  conditions  apparently  cause  most  of  the 
sediment  to  deposit  from  commonly  occurring  low  and  moderate  flows. 
Another  factor  which  causes  the  sediment  discharge  to  be  low  from  East  Trail 
Creek  and  the  largest  tributary,  Stagmire  Draw  (Basin  D,  Figure  ^6),  is 
that  more  than  one-half  of  their  drainage  areas  lie  above  stock  ponds 
which  trap  much  of  the  sediment  coming  from  headwater  areas.   All  of  these 
factors  result  in  low  sediment  conveyance  by  the  channels. 

Comparison  with  Bear  Creek  EMRIA  Study  Area 

Source-area  sediment  yields  in  the  East  Trail  Creek  basin  are   similar 
to  those  estimated  previously  for  the  Bear  Creek  EMRIA  study  area  (USDI, 
1977b)  which  lies  directly  east  of  the  upper  end  of  East  Trail  Creek.   The 
sediment  yields  are    similar  even  though  some  controlling  factors  are 
different  between  the  two  watersheds.   Average  watershed  slope  and  channel 
gradients  are    somewhat  steeper  and  vegetation  cover  is  not  quite  as  dense 
in  the  East  Trail  Creek  basin.   Those  factors  are  offset  by  the  fact  that 
thicker  sandstone  outcrops  occur  in  the  upper  part  of  the  geologic  section 
exposed  in  the  East  Trail  Creek  basin.   The  resulting  greater  proportion 
of  sandier  soils  causes  the  runoff  and  erosion  to  be  less. 

Sediment  discharges  from  small  (0-2  to  5-0  sq  mi  (0~5  to  13  km^)) 
subbasins  in  the  Bear  Creek  area  are  greater  because  a  larger  proportion 
of  the  sediment  loads  is  composed  of  clay  particles  which  are  more  readily 
transported  through  the  channels  than  are  sand  particles,  which  make  up 
a  larger  proportion  of  the  sediment  loads  in  East  Trail  Creek. 
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VEGETATION 

For  the  relatively  low  annual  precipitation,  about  15-20  inches 
(38  to  51  cm),  the  area    has  surprisingly  diverse  vegetation.   Geologic, 
edaphic,  and  topographic  factors  contribute  to  this  diversity.   Geologic 
materials  include  sandstone,  silty  sandstone,  clay,  s i 1 ty  shales,  and 
coal  beds.   Soils  range  from  sandy  to  clayey  and  deep  to  shallow  and 
slopes  from  flat  to  steep.   In  response  to  these  factors,  such  diverse 
vegetation  types  as  non-salt-tolerant,  non-drought-tolerant  ponderosa  pine 
savannah  and  drought  and  salt-tolerant  shadscale  occur  within  a  few  tenths 
of  a  mile.   Species  typical  of  montane  habitats  to  the  west,  of  the  Great 
Plains  to  the  east,  and  of  salt-desert-shrub  areas  to  the  southwest  of  the 
study  area  are  present. 

Aerial  cover  of  vegetation  and  soil-surface  conditions  (bare  soil, 
rock,  and  mulch)  were  measured  by  the  first-contact  point-quadrat  method. 
A  frame  containing  10  pins  was  placed  along  a  tape  for  pin-projection 
readings.   From  300  to  600  readings  were  made  in  each  type.   Current 
growth  of  vegetation  and  mulch  weights  were  made  in  2  to  't  plots  of  9^6  *> 
sq  ft  (.9  nri2)  at  each  sampling  site.   Plant  materials  were  oven-dried  and 
are    reported  as  pounds  per  acre  (Table  kk) .   Estimated  carrying  capacities 
are  based  on  these  yields  with  adjustments  made  for  such  factors  as  distance 
from  water,  slope,  and  pa  1  a  tab  i  1  i  ty  of  species.   These  "ball  park"  estimates 
are  for  cattle;  different  evaluations  of  the  data  would  be  required  for 
other  classes  of  livestock  and  game  species.   Range  condition  estimates 
were  based  on  principles  proposed  by  Dyksterhuis  (19^9)- 

The  high,  flat  tablelands  that  form  some  of  the  drainage  divides  have 
sandy  to  loamy  soils  that  have  developed  from  a  sandstone  capping  material. 
These  ancient  soils  have  stands  characterized  by  need le-and-thread  and 
big  sagebrush  (Figure  kj ,  Site  5,  Table  hk) .   Other  abundant  species 
present  were  western  wheatgrass  and  blue  grama.   This  site  had  the  lowest 
productivity  and  the  range  condition  was  66%  which  would  be  classed  as 
good  (poor  =  0  to  25%,  fair  =  25  to  50%,  good  =  50  to  75%,  and  excellent  = 
75  to  100%  of  climax  vegetation). 

The  ponderosa  p i ne-b 1 uebunch  wheatgrass  typically  occurs  just  below 
the  perimeter  of  the  tablelands.   Coarse-textured  soils  of  this  site  have 
developed  in  colluvium  formed  as  the  tablelands  have  been  reduced  in 
extent  by  geologic  erosion.   Although  of  about  medium  productivity  for 
the  sites  sampled,  this  site  had  the  highest  range  condition  (91%  or  high 
excellent).   Species  present  here  that  are   common  in  more  moist  portions 
of  the  eastern  Great  Plains  were  little  bluestem  and  sideoats  grama.   This 
favorable  site  for  plant  growth  had  numerous  species  present. 

A  type  not  mapped  separately  but  present  in  shallow  alluvium  of 
minor  tributaries  is  western  wheatgrass-Sandberg  bluegrass  (Site  8,  Table  kk) 
Accessabi 1 i ty  of  this  type  to  domestic  animals  has  caused  some  reduction 
in  productivity  and  range  condition  (68%  or  good  condition). 
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ulch,  bare  soil  and  rock  plus  yields  of  vegetation  and  mulch  in  pounds  per  acre  and  range  condition  in  percent  of  climax  vegetatio 
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Two  mapping  units  are    shown  (Fi_cjure  k7)    for  midslopes  between  the 
ponderosa  p : ne-bl uebunch  wheatgrass  type  and  the  alluvial  valley  floor 
occupied  by  the  western  wheatgrass-s i 1 ver  sagebrush  type.   The  main 
criterion  for  separating  the  big  sagebrush-blue  grama  unit  from 
shadsca 1 e-greasewood  type  was  the  apparent  larger  amount  of  bare  soil 
exposed  in  the  shadsca 1 e-greasewood  type.   Also,  the  shadscal e-greasewood 
type  usually  occurs  on  steeper  slopes  that  represent  the  more  highly 
erodible  clay  and  s i 1 ty  shale  beds  of  the  Fort  Union  Formation.   This 
topographic  unit  is  sometimes  referred  to  as  "breaks"  or  "badlands" 
(Brown,  1971). 

Sampling  sites  1  and  7  (Figure  k~l ,    Table  kk)    were  in  the  big 
sagebrush-blue  grama  type.   Vegetation  yields  were  medium  (480  lbs/acre 
(538  kg/ha^))  to  low  (270  lbs/acre  (303  kg/ha2))  and  range  condition  low 
good  (63%)  to  low  excellent  (86%).   In  general,  the  type  may  be  described 
as  a  grassland  with  scattered  shrubs. 

Sampling  sites  2  and  3  (Figure  kl ,    Table  kk)    were  in  the  shadscale- 
greasewood  type;  productivity  of  this  type  is  higher  than  might  be 
expected  (690  to  78O  lbs/acre  (773  to  87^  kg/ha^) )  but  range  condition  is 
lower  than  for  most  other  types  (50  to  69%).   More  shrub  species  occur 
in  this  than  in  other  plant  communities. 

The  most  productive  (1,436  lbs/acre  ( 1 609  kg/ha^))  of  the  plant 
communities  sampled,  the  western  whea tg rass-s i 1 ver  sagebrush  (Site  k, 
Table  kk)    occurs  on  alluvium  along  the  major  drainages.   Occasional 
flooding  and  shallow  ground  water  contribute  to  this  high  productivity. 
This  site  is  in  excellent  range  condition  (86%). 

Using  a  weighted  average  based  on  extent  of  vegetation  types  and 
carrying  capacity  for  each,  it  is  estimated  that  about  13,000  acres 
(5261  ha)  of  this  land  would  be  required  to  support  a  cow  herd  of  300  head 
This  estimate  also  assumes  some  additional  development  of  hay  meadows. 
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MINING  EFFECTS  AND  RECLAMATION  ALTERNATIVES 

Hydrology 

The  effects  of  surface  mining  on  the  area    hydrology  depend  on  the 
depth  to  which  coal  beds  will  be  stripped  and  the  areal  extent  of  mine 
development.   Two  mining  alternatives  assume  mining  of  the  Anderson  coal 
bed  alone  or  mining  of  the  Anderson  plus  one  or  two  coal  beds  below  the 
Anderson. 

Surface  mining  of  the  Anderson  will  drain  the  saturated  overburden 
and  the  Anderson  coal  bed  adjacent  to  the  mined  area.   The  mine  floor  will 
be  lower  in  altitude;  therefore,  the  hydraulic  gradient  will  be  from  the 
alluvium  to  the  mine  in  most  surface-mined  areas.   Water  in  the  alluvium 
could  be  diverted  into  a  mine  even  though  surface  mining  did  not  extend  to 
the  alluvium.   Assuming  a  surface  mine  approximated  by  a  well  one-half  mile 
(.8  km)  in  radius,  mine  inflow  is  estimated  by  a  form  of  Darcy's  law  to  be 
less  than  0.7  ftVs  (.02  nv/s)  .   However,  this  flow  should  gradually  diminish 
to  less  than  0.1  ftVs  (.003  nv/s)  as  hydraulic  gradients  approach 
equilibrium  conditions. 

The  area   of  greatest  water-level  decline  in  wells  can  be  expected 
to  be  to  the  east,  upgradient  from  any  potential  surface  mine.   Depending 
upon  the  extent  of  mining,  17  stock  wells  or  springs  could  become  dry. 
Replacement  wells  of  similar  yields  could  be  completed  in  one  or  more 
water-bearing  zones  of  the  Tongue  River  Member.   The  water  quality  generally 
could  be  expected  to  be  better  than  water  from  wells  presently  in  alluvium. 

East  Trail  Creek  and  its  intermittent  tributaries  will  continue  to 
be  losing  streams  in  the  study  area   as  the  alluvium  is  drained  by  mining. 
Intermittent  streamflow  is  likely  to  be  slightly  decreased  as  water  infil- 
trates to  the  alluvium.   Streamflow  downstream  from  the  study  area   could 
be  increased  if  mine  drainage  is  returned  to  East  Trail  or  Trail  Creek. 
Because  the  stream  would  be  above  the  water  table,  the  drainage  would  likely 
infiltrate  into  the  alluvium  or  clinker  over  a  short  distance.   As  discussed 
above,  however,  channel  erosion  would  need  to  be  prevented  at  points  of 
re i ntroduct ion  during  periods  of  heavy  dewatering  and  heavy  rainfall. 

Floodwater  would  need  to  be  diverted  around  a  mine.   Diversion  works 
would  need  to  be  designed  to  carry  the  natural  sediment  load  as  well  as 
to  be  noneroding.   Diversion  channels  could  be  designed  to  minimize 
i  nf  i 1 trat  ion . 

Post-mining  water-quality  changes  are  to  be  expected  in  both  surface 
and  ground  water.   Surface-water  quality  downstream  from  a  potential  mine 
could  be  degraded  by  poor  quality  water  from  mine  drainage  and  by  sedimenta- 
tion or  erosion  in  the  event  of  improper  flood  control  diversion. 

Spoils  from  strip  mining  also  could  cause  changes  in  ground-water 
quality.   The  character  of  these  changes  is  difficult  to  predict  without 
mineralogical  data  of  the  replaced  spoils.   However,  recharge  to  existing 
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shallow  aquifer  units  through  replaced  spoils  during  post-mining  conditions 
may  be  small.   Even  so,  placement  oF  toxic  materials  and  hazardous  over- 
burden minerals  between  the  soil  zone  of  oxidation  and  the  present  level 
of  ground  water  should  mitigate  adverse  alterations  of  ground-water  quality 
caused  by  toxic  spoils.   The  active  mine  will  act  as  a  discharge  area  for 
shallow  ground  water;  however,  any  water  polluted  by  mining  operations, 
such  as  by  explosives  or  by  fuel  and  oil  spill,  may  percolate  to  deeper 
aquifers  in  areas  where  the  head  gradient  is  downward. 

Water  problems  associated  with  surface  mining  the  Anderson  plus  one  or 
two  other  coal  beds  would  be  similar,  but  more  extensive  than  if  the  Anderson 
alone  were  mined.   A  deeper  mine  would  extend  farther  into  the  alluvium  and 
would  produce  more  water.   Probably  more  than  twice  as  much  water  wou 1 d  be 
produced  from  the  mine  and  its  disposal  would  have  to  be  controlled  to 
prevent  downstream  erosion.   Water  levels  in  the  alluvium  downstream  from 
the  area  would  be  lowered  more  severely,  which  could  decrease  hay  production 
and  injure  plants  whose  roots  extend  to  the  water  table. 

Reclamation  of  spoils  appears  to  be  possible  using  seasonal  precipitation 
alone.   Revegetation  on  the  spoil  piles  can  be  improved  by  surface 
conditioning  and  top-soiling.   Surface  conditioning  reduces  surface  runoff 
and  maximizes  utilization  of  precipitation.   Top-soiling  maximizes  use  of 
pre-exi  st  i  ng  so  i  1  .' 

Sediment  Yields 

The  following  discussion  is  based  on  the  assumption  that,  if  the 
area  is  mined,  the  primary  post-mining  use  will  be  rangeland. 

The  assumption  was  also  made  that,  if  the  area    is  mined,  it  will  be 
graded,  covered  with  topsoil  or  otherwise  suitable  growth  media,  and  seeded 
i th  adapted  grasses.   Close-spaced  contour  furrowing,  as  discussed  by 
ranson,  Miller,  and  McQueen  (1966),  or  gouger  pitting,  as  discussed  by 
Sindelar  and  others  (197*0,  may  be  necessary  to  control  runoff  from  and 
erosion  of  soils  that  are  silt  loam  or  f i ner- textured  or  any  soil  that  is 
compacted.   Implementation  of  these  practices  would  reduce  the  frequency 
of  floods  that  would  be  large  enough  to  damage  the  post-mining  channels 
and  valley  floors  and  would  minimize  the  chance  of  increasing  sediment 
loads  downstream  from  the  area. 

An  important  problem  to  contend  with  in  the  rehabilitation  plan  for 
the  area    is  that  much  of  the  land  surface  will  be  lowered  by  mining.   This 
will  occur  because,  in  those  areas  where  the  overburden  is  less  than  about 
150  ft  (^6  m)  thick,  the  overburden  will  not  expand  enough  to  fill  the 
void  left  by  excavation  of  the  coal  bed  which  is  approximately  30  ft  (9  m) 
thick.   This  will  result  in  a  depression  in  lower  parts  of  the  mined  area 
where  the  overburden  is  thinnest.   If  this  depression  is  not  filled  with 
earth  materials,  at  least  so  that  streams  can  cross  the  depression,  ponds 
will  form  in  the  lowest  parts. 
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Anywhere  that  the  gradients  of  stream  channels  are  increased  after 
mining,  such  as  where  the  channels  enter  a  lowered  area,    there  is  potential 
for  the  initiation  of  gully  erosion  which  would  migrate  headward  in  the 
alluvium  upstream  from  the  mined  area.   The  resulting  gully  would  drain 
ground  water  from  the  alluvium  and  thus  deteriorate  the  productivity  of  the 
val ley  f loor . 

The  lowering  of  the  land  surface  may  require  that  channels  be  stabilized 
by  cutting  and  filling  to  minimize  increases  in  gradients  and/or  by 
constructing  widened  channels  where  the  gradients  are  increased  so  that 
normal  flows  would  be  relatively  shallow.   Also,  most  channels  of  East  Trail 
Creek  have  gradients  that  are    steep  enough  to  cause  erosion  in  channels  of 
the  same  widths  that  were  situated  in  unstable  materials  such  as  newly 
placed  spoils  and  soils.   Lining  the  channels  may  be  necessary  to  control 
erosion  in  some  places  where  the  gradients  are  increased.   A  thorough 
discussion  of  the  hydrologic  effects  of  a  lowered  land  surface  appears  in 
the  final  environmental  impact  statement  for  mining  that  is  planned  near 
Decker,  Montana  (USDI,  1977a). 

Another  potential  problem,  which  could  result  in  large  increases  in 
sediment  discharge  below  the  mining  area,    involves  the  diversion  of  the 
channels  of  Trail  Creek  and  East  Trail  Creek  if  the  coal  underlying 
those  valley  floors  is  mined.   Diversion  channels  located  at  one  side  of 
the  valley  floor  would  have  steeper  gradients  because  they  would  be 
relatively  straight  as  opposed  to  the  meandering  of  the  natural  channels. 
Installation  of  stable  linings  and/or  drop  structures  as  discussed  in  the 
previously  mentioned  environmental  impact  statement  (USDI,  1977a)  would 
minimize  erosion  and  sedimentation  problems  in  diversion  channels. 

Implementation  of  the  erosion-control  measures  that  were  discussed 
and  installation  of  sediment  retention  ponds  immediately  downstream  from 
raw-spoil  banks  and  other  areas  where  erosion  cannot  be  controlled  should 
minimize  any  increase  in  sediment  discharge  to  Hanging  Woman  Creek. 
Retention  ponds  may  not  be  needed  after  a  period  of  perhaps  10  years  when 
perennial  grasses  have  come  into  equilibrium  with  their  environment  and 
stable  soil  structure  has  reestablished.   Any  drop  structures  or  channel 
linings  may  require  periodic  maintenance  in  order  to  remain  functional 
in  the  future. 

CI imate 

There  is  sufficient  precipitation  to  support  reclamation  efforts. 
Irrigation  would  not  be  required  except  perhaps  in  the  driest  years.   The 
cost  of  irrigation,  however,  could  probably  not  be  justified  on  this  basis. 
It  would  probably  be  more  economically  reasonable  to  have  an  occasional 
failure  and  replanting  than  plan  large-scale  continuous  irrigation. 

The  area   does  have  a  relatively  short  growing  season,  however.   This 
factor  will  probably  be  the  greatest  single  constraint  to  reclamation 
success.   As  shown  in  Figure  10,  only  July  and  August  are  free  from  average 
minimum  temperatures  less  than  32°  F.   This  implies  less  than  90  continuous 
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frost-free  days.   Mean  monthly  temperatures  are  greater  than  32°  F  from 
May  through  October  (Figure  9)  suggesting  a  growing  season  less  than  180 
days.   The  actual  growing  season,  depending  upon  plant  species  is  from 
90  to  180  days. 

There  is  sufficient  snow  in  the  area  to  consider  the  possibility  of 
shaping  spoil  to  trap  snow.  This  would  have  the  effect  of  delaying  melt 
and  increasing  soil  moisture  availability  into  the  spring  and  summer. 

So  i  1  s 

It  is  important  that  productive  topsoil  is  saved  to  replace  on  the  land 
surface  following  mining.   A  productive  topsoil  contains  the  properties 
necessary  to  obtain  a  rapid  and  effective  revegetat ion .   Revegetation  is 
more  rapid  and  permanent,  and  site  stability  is  more  certain  with  the  use 
of  a  fertile  topsoil  with  good  water  infiltration  and  holding  properties. 
Also,  the  final  soil  cover  will  determine  future  potential  use  and  management 
needs  of  the  land  following  mining.   Therefore,  care  must  be  taken  to  select 
the  most  suitable  topsoil  material  available  for  final  placement  on  the 
mined  land  surface. 

Soil  depth  needed  on  the  reconstructed  land  surface  will  depend 

primarily  upon  the'  future  use  of  the  land.   If  the  land  is  to  be  used  for 

agriculture,  the  land  should  be  reconstructed  with  a  depth  of  soil  suited 
to  the  rooting  depth  of  crops  adapted  to  the  area. 

If  the  land  is  to  be  returned  to  grazing  land,  the  annual  depth  of 
moisture  penetration  in  a  typical  soil  would  be  a  reliable  criteria  to 
determine  soil  depth  needed.   In  many  situations,  this  will  be  the  same 
as  the  depth  of  lime  accumulation  in  the  soil. 

i As  discussed  previously,  soil  moisture  penetration  ranges  from  8  inches 
(20  cm)  to  33  inches  (84  cm)  in  some  of  the  deeper  soils.   In  some  of  the 
shallower  soils  on  breaks  and  gently  sloping  uplands,  soil  moisture 
penetrates  the  entire  profile.   This  would  suggest  that  topsoil  should  be 
replaced  to  these  depths  if  reconstruction  of  the  specific  site  is  the 
reel amat  ion  goa 1 . 

Criteria  used  to  evaluate  topsoil  sources  was  taken  from  BLM  Manual 
7312,  Illustration  8,  page  9,  Table  13,  "Suitability  Ratings  of  Soils  as 
Sources  of  Topsoil".   These  are  the  same  criteria  standards  as  used  by  SCS. 

Poor  topsoil  sources  are  those  soils  that  are   high  in  clay,  coarse  fragments, 

sodium  or  total  soluble  salts. 

Seven  percent  of  the  acreage  lacks  a  suitable  source  of  topsoil.   This 
includes  the  rock  outcrop,  shale  outcrop  as  well  as  the  Kyle  and  Pierre 
clays . 

One-third  of  the  area  (32%)     is  covered  with  soils  that  are  a  very 
shallow  source  of  topsoil  (less  than  10  inches  (25  cm)).   This  includes 
primarily  the  Midway  and  Heldt  series. 
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However,  there  is  a  large  source  of  topsoil  material  from  moderately 
deep  and  deep  soils  in  the  study  area.   These  are   primarily  the  Thedalund, 
Thurlow,  and  McRae  series.   All  available  topsoil  material  (including 
suitable  material  within  60  inches  (152  cm)  of  the  surface)  is  of  sufficient 
quantity  to  cover  the  study  area  20  inches  (51  cm)  deep. 

Previous  EMRIA  studies  in  Montana  (at  Otter  Creek  and  Bear  Creek) 
have  shown  an  ample  supply  of  suitable  topsoil  substitute  material,  usually 
near  the  surface  of  the  overburden.   The  exact  location  of  this  borrow 
material  must  be  located  within  a  detailed  inventory  prior  to  mining. 
According  to  the  section  in  this  report  on  overburden  chemistry  and 
mineralogy  by  USGS,  there  should  be  more  than  sufficient  overburden  material 
on  this  study  area  to  use  as  a  soil  substitute. 

Reconstruction  of  the  mine  land  provides  an  opportunity  to  make  the 
land  more  productive  and  more  useful  than  before  mining.   This  is  done 
by  (1)  shaping  the  spoils  to  suit  the  intended  use  of  the  land,  and  (2) 
replacing  present  shallow  soils  with  a  soil  depth  that  will  allow  vegetation 
a  normal  response  to  climate. 

The  chemical  composition  of  the  soils  appears  to  be  favorable  for 
stockpiling  and  land  reclamation.   The  only  exceptions  are  the  soil  series, 
Arvada,  Bone,  and  Vananda.   These  three  soil  series  are  judged  on  the  basis 
of  the  taxonomic  description  to  be  a  poor-to-unsuitable  topsoil  resource 
because  of  high  salinity.   This  salinity  condition,  however,  was  not 
confirmed  by  chemical  analysis.   A  conservative  stance  would  be  not  to  use 
soil  materials  from  these  series  as  top  dressing  but  to  bury  them  at  a 
depth  beyond  plant  roots.   All  of  the  other  soils  in  the  study  area  are 
alkaline  in  reaction.   The  overall  trace-element  composition  of  soils  in 
the  study  area  is  similar  to  soils  developed  on  the  Fort  Union  Formation 
in  other  parts  of  the  Northern  Great  Plains  (U.S.  Geological  Survey,  1976, 
p.  57"8l)  and  in  the  Powder  River  Basin  of  Montana-Wyoming  (Tidball  and 
Ebens,  1976).   Soils  throughout  the  region  are  widely  used  for  range, 
pasture,  and  small  grains  without  ill  effects  except  for  very  local 
salinity-problem  areas. 

Other  soil  series  in  soil  group  1  (Figure  25)  may  have  at  least 
moderate  salinity  conditions  in  the  subsoil.   These  materials  should  either 
be  buried  at  a  depth  beyond  normal  plant-rooting  depth  or  should  be  diluted 
by  mixing  with  nonsaline  materials.   If  the  mine-reclamation  plan  can 
provide  for  temporary  irrigation  for  the  first  few  years,  then  saline 
materials  should  be  placed  in  the  lower  parts  of  the  valley  where  irrigation 
water  may  be  more  readily  available  to  leach  the  soil.   Final  surface 
grading  of  materials  with  potential  salinity  should  leave  only  very  gentle 
slopes  so  that  leaching  water  will  percolate  downward  in  the  profile 
rather  than  laterally  downslope,  thus  leading  to  the  development  of  a 
saline-seep  area   elsewhere. 

In  some  situations,  it  would  be  desirable  to  have  a  buffer  layer  of 
soil  material  (or  suitable  substitute  material)  between  the  topsoil  and 
the  overburden.   This  would  occur  if  saline  or  sodic  overburden  is  located 
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at  the  surface  of  the  reshaped  overburden.   Research  conducted  by  the  ARS, 
USDA,  Mandan,  North  Dakota,  has  foTJrid  sodium  to  migrate  upward  (about  6 
inches  (15  cm)  in  3  years)  from  a  sodic  overburden  to  a  nonsodic  topsoil. 
Therefore,  in  such  cases,  a  compensating  buffer  layer  of  subsoil,  or  a 
layer  of  low  salt,  low  sodium  overburden  would  be  desirable.   A  generous 
layer  of  soil  material  replaced  on  the  surface  would  accomplish  the  same 
thi  ng  . 

The  reshaping  of  spoi 1 -mater ial  contours  should  provide  for  moderate 
slopes  particularly  on  south  and  southwest  aspects.   These  slopes  represent 
some  of  the  more  severe  survival  conditions  for  plants  because  of  the 
excessive  soil  temperatures  that  are  possible,  and  because  the  limited 
precipitation  that  is  typical  of  the  region  is  subject  to  excessive  runoff 
if  the  slopes  are  too  steep. 

Careful  consideration  should  be  given  to  plans  for  reconstruction 
after  mining  of  bottomlands  now  occupied  by  trenched  channels  and  adjacent 
alluvial  terraces.   Deepening  and  widening  of  the  channel  of  Trail  Creek 
has  eliminated  frequent  flooding  of  adjacent  lands.   The  channel  bed  now 
appears  to  be  aggrading.   Grass  and  shrubs  growing  in  the  channel  reduce 
the  rate  of  flow  causing  sediment  to  accumulate  as  discussed  by  Hadley  (1961). 
If  the  trenched  channel  continues  to  fill  with  sediment,  flooding  of 
adjacent  lands  will  be  more  frequent;  consequently,  a  smaller  channel  with 
wider  meanders  would  develop  over  and  adjacent  to  the  present  channel. 
Channel  plugs  have  been  used  in  the  past  to  hasten  this  process  (Hadley 
and  McQueen,  1961).   Land  management  agencies  have  constructed  floodwater 
spreaders  at  several  locations  in  the  Northern  Great  Plains  to  achieve 
the  same  results  (Miller  and  others,  1969). 

A  logical  plan  for  reconstruction  of  valley  floors  would  consider 
optimum  use  of  floodwaters  and  entrapment  of  sediment.   Analysis  of  data 
acquired  at  the  various  study  sites  provide  insight  as  to  how  to  best  use 
available  resources  to  accomplish  this  purpose.   Grasses  rather  than  the 
shrubs  now  occurring  in  the  area   should  be  planted  if  optimum  forage 
production  from  the  flood  plain  and  low  terraces  is  desired.   Grasses 
characteristically  occupy  areas  that  are    frequently  flooded  (Figure  3*0  ■ 
Western  wheatgrass,  which  is  native  to  the  area,  is  capable  of  withstanding 
up  to  one  foot  of  sediment  deposition  per  year  (Hubbel 1  and  Gardner,  1950). 

Silver  sagebrush  now  occurs  on  alluvium  with  low  to  moderate 
moisture-retention  capabilities  (Figures  30  and  30  while  greasewood  occurs 
on  alluvium  with  higher  retention  capabilities  (Figures  30  and  32).   Ground 
water  is  apparently  utilized  by  both  species,  with  indications  that  their 
roots  transport  and  supply  water  for  recharge  of  soil  some  distance  above 
the  water  table.   Before  mining,  these  shrubs  could  be  used  as  indicators 
to  help  delineate  alluvial  deposits  with  different  moisture-retention 
capabilities.   As  a  result,  different  materials  could  be  stockpiled  separately 

Highly  retentive  alluvium  associated  with  greasewood  should  be 
considered  for  use  in  reconstructing  the  flood  plain.   There  is  evidence 
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(Miller  and  others,  19&9;  Branson,  Miller,  and  McQueen,  1970)  that  such 
fine-textured  alluvium  can  support  a  good  cover  of  western  wheatgrass  if 
flooded  frequently. 

Moderately  retentive  alluvium  associated  with  silver  sagebrush  should 
be  considered  for  positioning  on  reshaped  uplands;  there  is  evidence 
(Shown,  Miller,  and  Branson,  1969)  that,  when  sagebrush  has  been 
eradicated  from  similar  soils,  grass  can  simply  be  seeded  and  established. 
This  could  eliminate  the  need  to  hold  water  on  the  surface  by  furrowing, 
as  would  be  required  if  highly  retentive  soil  is  placed  at  the  surface 
on  upland  areas  (Branson,  Miller,  and  McQueen,  I966). 

Reconstruction  of  upland  soils  with  properly  selected  materials  can 
result  in  more  efficient  utilization  of  soil  moisture  by  vegetation  than 
that  which  usually  occurs  under  natural  conditions.   This  is  indicated 
by  evidence  obtained  from  sites  illustrated  in  Figures  3*+  and  35-   At  some 
of  these  sites,  bedrock  encountered  at  different  depths  impedes  drainage 
causing  moisture  to  be  stored  in  thicker  than  normal  films.   The  force 
with  which  moisture  is  adsorbed  decreases  2.k6    times  for  each  additional 
molecular  layer  of  water  adsorbed  (Miller  and  McQueen,  1978).   Consequently, 
water  is  more  readily  obtained  by  vegetation.   Under  these  conditions,  less 
hardy  but  more  productive  species  of  vegetation  occur  under  natural 
cond  i  t  ions . 

Placement  of  required  depths  of  loamy  soil  over  properly  compacted 
finer  materials,  as  previously  proposed,  can  result  in  more  efficient  use 
of  soil  moisture  by  vegetation.   Available  fine-textured  materials  should 
be  used  to  cover  unweathered  spoil.   This  finer  material  should  be  compacted 
to  the  degree  where  void-moisture  capabilities  (VMC's)  determined  from 
volume  weight  (VW)  measurements,  as  illustrated  in  Figure  27,  are  less 
than  the  moisture-retention  capabilities  (MRC's)  of  the  materials. 
Moisture-retention  capabilities  of  materials  can  be  readily  evaluated 
using  the  filter  paper  method  of  McQueen  and  Miller  (I968),  illustrated  in 
Figure  29  and  the  modeling  technique  of  McQueen  and  Miller  (197*0  1  also 
illustrated  in  Figure  29.   Fifteen  atmosphere  moisture  content  data, 
characteristically  published  by  the  U.S.  Soil  Conservation  Service,  can  also 
be  used  in  conjunction  with  the  modeling  technique  of  McQueen  and  Miller 
(197*0  to  define  moisture-retention  capabilities  (MRC's)  of  soils. 

With  the  moisture-retention  capability  (MRC)  of  available  soil 
material  at  hand,  the  depth  of  soil  that  must  be  repositioned  to  obtain 
desired  results  can  be  determined.   The  depth  of  loamy  material  that  must 
be  deposited  over  finer-textured  base  material  will  also  be  dependent  on 
the  degree  of  compaction.   Once  the  amount  of  water  likely  to  infiltrate 
is  determined,  the  depth  of  material  with  a  given  retention  capability 
(MRC)  and  the  volume  weight  (VW)  needed  to  achieve  desired  results  can 
be  determined.   The  maximum  depth  of  water  stored  in  upland  soils  averaged 
10  inches  (25  cm)  at  sites  sampled  in  the  Hanging  Woman  study  area.   This 
value  includes  data  from  sites  where  snow  blows  off  and  data  from  sites 
where  wind-blown  snow  accumulates.   Snow  movement  could  be  minimized  by 
properly  shaping  the  land  and  managing  the  vegetation  for  moderate  to 


high  stubble  length.   Also,  upland  soils  could  be  reconstructed  to  store 
10  inches  (25  cm)  of  water  when  wetted  to  the  adsorption-moisture 
capacity  (AMC)  (16  molecular  layers  of  water). 

Under  these  conditions,  six  molecular  layers  of  water  are  adsorbed 
to  particle  surfaces  in  excess  of  the  10  layers  present  when  unimpeded 
drainage  stops  at  the  moisture-retention  capability  (MRC)  level.   Maximum 
levels  of  storage  would  probably  not  be  achieved  except  during  the  wettest 
years;  nevertheless,  storage  of  some  water  in  excess  of  10  molecular 
layers  would  probably  occur  during  all  but  the  driest  years.   As  a  result 
of  increased  water  availability,  midgrasses  rather  than  shortgrasses  should 
dominate  the  reconstructed  area.   If  the  area  is  not  overgrazed,  this 
taller  vegetation  should  also  help  hold  snow  where  it  falls. 

Compaction,  resulting  from  repositioning  of  soil  with  machinery,  can 
result  in  volume  weights  (VW's)  that  do  not  provide  sufficient  void  space 
for  infiltration  and  storage  of  water  (Sindelar  and  others,  197^); 
consequently,  the  volume  weight  (VW)  that  must  be  achieved  to  permit  storage 
at  adsorption-moisture  capacity  (AMC)  levels  must  be  determined  prior  to 
positioning  of  materials.   For  example,  if  retention  capability  (MRC)  of 
the  loamy  material  used  to  reconstruct  the  solum  is  10%,  the  adsorption 
capacity  (AMC)  will  be  16%.   The  volume  weight  (VW)  required  to  produce 
a  void-moisture  capacity  (VMC)  of  16%  can  be  determined  from  the  linear 
relationship  between  volume  weight  (VW)  and  void-moisture  capacity  (VMC) 
presented  in  Figure  27-   For  the  material  used  in  this  example,  a  volume 
weight  (VW)  of  1 1 k    lb/ft^  (1.82  g/cm3)  would  provide  the  required  void  space, 

Lower  volume  weights  (VW's)  would  be  necessary  to  provide  the  proper 
void  space  in  soils  with  higher  moisture  retention  capabilities  (MRC's). 
If  a  soil  is  too  compact  after  emplacement,  the  required  voids  can  be 
created  by  causing  a  total  of  10  inches  (25  cm)  of  water  to  accumulate  in 
the  'soil.   This  could  be  accomplished  by  a  series  of  sprinkler  irrigations, 
or  perhaps  by  causing  snow  to  accumulate  behind  a  set  of  movable  snow 
fences.   The  fence  could  be  relocated  after  desired  results  are   obtained. 
If  soils  with  high  retention  capabilities  (MRC's)  must  be  used  instead  of 
loamy  materials,  catchments  should  be  created  at  the  surface  with  an 
Arcadia  furrower  as  recommended  by  Branson,  Miller  and  McQueen,  (1966). 

Moisture  regimes  occurring  in  breaks  (Figure  35)  and  foot  slope  areas 
(Figure  36),  wi 1 1  be  difficult  to  reestablish  because  of  the  complexity  of 
these  areas  caused  by  variable  erosion  and  deposition  of  sediments  and 
variable  depths  to  parent  rock.   The  steep  slopes,  characteristic  of 
breaks,  could  probably  not  be  maintained  unless  resistant  rocks  were 
deposited  there  rather  than  softer  soil  materials.   The  parent  rock 
encountered  at  the  base  of  soil  profiles  tends  to  disintegrate  readily 
when  saturated  with  water.   Some  desirable  soil  materials  may  be  available 
from  this  source.   Moisture-retention  characteristics  of  these  materials 
can  be  defined  by  techniques  described  in  this  report. 
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Overburden 

If  there  is  not  sufficient  topsoil  at  the  site,  then  the  overburden 
rock  will  have  to  be  considered  as  a  substitute. 

Perhaps  the  single  most  important  statement  to  be  made  about  the  lack 
of  potential  chemical  harmfulness  of  a  potential  soil  replacement  material 
(overburden  rock)  is  that  it  is  chemically  and  mi neralog ical ly  similar  to 
soils  of  the  region  which  successfully  support  desirable  stands  of  the 
native  vegetation.   The  sandstone,  and  to  a  somewhat  lesser  extent  the 
s i 1 tstone-pl us-sha 1 e,  at  the  Hanging  Woman  study  site  is  similar  in  bulk 
chemistry  to  the  subsoils  at  the  study  site  and  the  rest  of  the  Fort  Union 
region.   The  comparison  is  made  in  Table  16. 

Judged  only  from  bulk  chemistry  of  rock  and  soil  samples,  it  appears 
that  much  of  the  overburden  rock  at  the  Hanging  Woman  Creek  study  area 
could  be  used  to  replace  the  soils  of  the  site  or  region.   It  is,  however, 
probable  that  the  pulverized  overburden,  during  its  process  of  chemical 
weathering  and  physical  alteration  in  its  new,  near-surface  environment, 
would  release  different  quantities  of  chemical  substances  than  would  the 
natural  soils:   the  pulverized  rock  could  be  expected  to  release  either 
more  or  less,  depending  on  the  substance  at  its  mi nera log ica 1  form  in 
the  rock.   These  questions  of  the  amounts  of  chemical  substances  which 
would  be  released  by  pulverized  overburden  material  used  as  soil  replacement 
can  only  be  resolved  by  studies  of  chemical  -  leach  elemental  availability, 
by  studies  of  physical  properties  and  breakdown,  and  perhaps  by  plant  uptake 
studies  conducted  on  the  pulverized  rock  material. 

We  plan  to  conduct  availability  tests  on  the  samples  of  this  study. 
The  equally  important  study  of  physical  properties  and  physical  alteration 
with  time  must  come  from  other  workers.   At  the  present  limited  stage  of 
knowledge  of  reclamation  chemistry  and  toxicity  of  elemental  concentrations 
in  soil,  we  feel  that  it  is  a  very  complex  matter  to  set  actual  "red  flag" 
or  hazard  level  concentration  limits  in  soils  for  particular  elements. 
Some  progress  has  been  made  in  this  matter  for  certain  elements,  most  notably 
molybdenum  and  selenium,  but  for  these  and  almost  all  other  elements  of 
interest,  different  soil  conditions  and  even  different  points  of  view  have 
the  strongest  influence  on  the  assignment  of  maximum  permissible  levels. 
Varying  soil  pH ,  mineralogy,  moisture  regime,  and  temperature,  as  well  as 
the  varying  uptake  abilities  of  different  plant  species  and  the  hardiness 
and  dietary  preferences  of  various  animal  species,  must  be  taken  into 
account  in  determining  acceptable  ranges  of  whole-soil  concentrations  of 
chemical  elements.   The  situation  is  only  somewhat  simpler  for  determining 
acceptable  ava i labi 1 i  ty  levels  of  the  elements. 
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In  addition  to  chemical  suitability  of  overburden  rock,  the  relative 
volumes  of  rock  types  must  also  be  considered.   Table  k5    shows  the  relative 
volume  abundance  of  the  lithologic  constituents  of  the  rock  column  at 
the  Hanging  Woman  Creek  study  area,  both  by  individual  hole  cores  and  for 
all  cores  taken  together. 

Table  hS.      Abundance,  in  percent,  of  different  rock  types  (Fort 
Union  Formation)  in  cores  of  drilled  holes  at  Hanging  Woman 
Creek  study  area. 
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In  general,  sandstone  is  sufficiently  abundant  (about  one-third  of 
the  overburden  rock)  and  is  present  in  sufficiently  thick,  continuous 
and  recognizable  units  to  be  used  as  the  sole  type  of  overburden 
reclamation  material  wherever  that  would  seem  desirable,  as  for  a  plant 
growth  medium  on  the  top  of  the  refill  column,  or  for  the  material  most 
likely  to  contact  ground  water  at  the  bottom  of  the  refill  column.   In 
much  of  the  overburden  rock  column,  strata  of  siltstone  are    sufficiently 
thick  to  be  treated  in  the  same  way,  if  desired.   Units  of  dark  shale  and 
other  shale  are  more  commonly  intermixed  with  each  other  and  with  sandstone 
and  siltstone  over  short  vertical  distances,  but  the  relative  volumes  of 
either  pure  or  intermixed  zones  of  shale  are   small  enough  that  these  rocks 
could  practically  be  segregated  into  the  middle  part  of  the  refill  material 
and  separated  from  both  plant  roots  and  the  ground  water  zone  by  a  thickness 
of  sandier  rock  at  top  and  bottom. 

Other  USGS  studies  are  being  conducted  to  assess  the  effects  that  may 
occur  through  surface  mining  on  plants  themselves,  rather  than  indirectly 
via  availability  measurements  of  the  spoil  materials.   Erdman  and  his 
colleagues  (Erdman  and  Ebens,  1975;  Erdman  and  Ebens,  1976;  Erdman,  Ebens, 
and  Case,  1978;  Erdman  and  Gough,  1978)  have  reported  that  spoil  material, 
even  with  topsoil  added,  affects  the  element  concentrations  of  plants  to 
a  significant  degree  relative  to  plants  grown  in  undisturbed  areas.   Some 
of  these  effects  may  be  beneficial;  others  could  pose  some  nutritional 
problems  to  animals  feeding  on  the  plants.   These  conclusions  are   based 
on  studies  of  sweetclover,  several  cool-season  grasses,  alfalfa,  and  wheat 
(plants  commonly  used  in  reclamation)  sampled  from  reclaimed  lands  of 
selected  mines  and  from  "control"  areas  in  the  Northern  Great  Plains  coal 
reg  ion. 
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These  studies  tend  to  corroborate  an  earlier  report  by  Sandoval 
and  others  (1973),  which  found  the  phosphorus  available  to  plants  to  be 
very  low  in  spoil  materials  from  the  Northern  Great  Plains.   Conversely, 
zinc  concentrations  appear  to  be  increased  in  plants  growing  on  spoils, 
an  effect  that  may  be  beneficial.   A  potential  range  management  problem 
arising  from  use  of  forage  plants  growing  on  spoil  is  that  the 
copper :mol ybdenum  ratio  in  such  plants  is  rather  consistently  less  than 
about  two,  the  value  below  which  molybdenosis  is  considered  likely  to 
affect  ruminants,  particularly  cattle. 

Without  leach-availability  or  plant-uptake  studies  at  the  Hanging 
Woman  Creek  study  area,  it  is  not  certain  that  the  findings  of  Erdman 
and  his  colleagues  would  apply;  but  from  the  wide  spatial  distribution 
of  their  samples,  and  the  similarity  of  rocks  of  the  Hanging  Woman  Creek 
study  area  to  others  of  the  region,  discussed  in  this  paper,  it  seems 
reasonable  that  they  should. 

The  mineralogy  of  the  soil  materials  does  not  suggest  any  problems 
of  slope  instability  with  the  possible  exception  of  those  soils  that  may 
have  a  combination  of  abundant  montmor i 1 loni te  and  available  sodium  ions. 
The  sodium-saturated  clay  is  subject  to  enhanced  expansion  and  contraction 
as  the  clay  undergoes  a  wetting-drying  cycle.   Such  high-sodic  clays 
should  be  selected  and  placed  on  only  level  to  moderate  slopes  and  beyond 
the  depth  of  plant  roots. 
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APPENDICES 


APPENDIX  A 


ENGLISH  TO  METRIC  (Si)  CONVERSIONS 


A  dual  system  of  measurements--Engl ish  units  and  the  International 
System  (Si)  of  metric  units~-is  given  in  this  report.   SI  is  a  consistent 
system  of  units  adopted  by  the  Eleventh  General  Conference  of  Weights 
and  Measures  in  1 960 .   Selected  factors  for  converting  English  units 
to  SI  units  are  given  below. 


Mul t  i  ply  Engl i  sh  uni  ts 


by 


1 nches 

2.40 

Feet 

0.3048 

Mi  les 

1  .609 

Pounds 

453.60 

Ton 

0.9072 

Acres 

0.4047 

Square  Mi  1 es 

2.590 

Gal  Ions 

.003785 

Acre-feet 

.001233 

Feet  per  mile 

0.1894 

Inches  per  hour 

2.54 

Feet  per  day 

.3048 

Pounds  per  square 

:  i  nch 

70.31 

Bars 

1019.78 

Pounds  per  cubic 

foot 

0.01602 

Pounds  per  acre 

1 . 1206 

Feet  squared  per 

day 

0.0929 

Cubic  feet  per  second 

0.02832 

Ga 1  Ions  per  mi  nute 

0.06309 

To  obta  in  SI  units 

centimeters  (cm) 

meters  (m) 

ki lometers  (km) 

grams  (g) 

tonne  (t) 

square  hectometers  (hm2) 

square  kilometers  (km2) 

cubic  meters  (nv) 

cubic  hectometers  (hnw) 

meters  per  kilometer  (m/km) 

centimeters  per  hour  (cm/h) 

meters  per  day  (m/d) 

grams  per  square  centimeter  (g/cm2) 

grams  per  square  centimeter  (g/cm2) 

grams  per  cubic  centimeter  (g/cm3) 

kilograms  per  square  hectometer 

(kg/hm2) 
meters  squared  per  day  (m2/d) 
cubic  meters  per  second  (m3/s) 
liters  per  second  (1/s) 
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Description  of  soil  series  and  map  units. 

[The  following  descriptions  are  copied  from  the  unpublished 
manuscript  of  the  Big  Horn  County  soil  survey  report.   It  is 
reprinted  here  with  permission  of  the  Soil  Conservation 
Service.   The  descriptions  are  subject  to  change  pending 
final  correlation  and  editing.   English  units  of  measure 
have  been  retained.] 


Alice  Series 

The  Alice  series  consists  of  deep,  sloping  and  moderately 
steep  and  rolling,  well-drained  soils  on  narrow  footslopes,  fans, 
and  valley  bottoms.   Slopes  range  from  4  to  15  percent.   They 
formed  in  sandy  alluvium  from  calcareous  sandstone  at  elevations 
of  2900  to  3700  feet. 

Vegetation  is  green  sagewort,  little  bluestem,  prairie 
sandreed,  sideoats  grama,  blue  grama,  broom  snakeweed,  ragweed, 
and  eriogonum.   Precipitation  is  13  to  14  inches; 
mean-annual-soil  temperature  is  47  to  49  degrees  F. ;  and  the 
frost-free  period  is  115  to  125  days. 

Typically  the  surface  layer  is  grayish  brown  fine  sandy  loam 
about  2  inches  thick.   The  subsoil  is  grayish  brown  and  light 
olive  brown  sandy  loam  about  10  inches  thick.   The  substratum  is 
light  olive  brown,  light  yellowish  brown,  and  pale  yellow  sandy 
loam  and  loamy  sand.   The  soil  has  moderately  rapid  permeability 
and  an  effective-rooting  depth  of  60  or  more  inches.   The 
water-holding  capacity  is  moderate.   Most  of  these  soils  are  used 
for  range.   Small  areas  are  in  dryland  hay. 

A  typical  profile  of  Alice  sandy  loam  on  grassland  is,  as 
follows : 

A   —  0  to  2  inches,  grayish  brown  (2.5Y  5/3)  fine  sandy  loam, 
very  dark  grayish  brown  (2.5Y  3/2)  moist;  weak  coarse 
crumb  structure  parting  to  single  grain;  soft,  very 
friable,  nonsticky  and  slightly  plastic;  many  fine  and 
very  fine  roots;  clear  smooth  boundary. 

B21  —  2  to  6  inches,  grayish  brown  (2.5Y  5/2)  sandy  loam,  very 
dark  grayish  brown  (2.5Y  3/2)  moist;  moderate,  coarse 
prismatic  structure;   slightly  sticky  and  slightly 
plastic;  common  fine  roots;  gradual  wavy  boundary. 

B22  —  6  to  12  inches,  light  olive  brown  (2.5Y  5/3)  sandy  loam, 
olive  brown  (2.5Y  4/3)  moist;  slightly  hard,  friable, 
nonsticky  and  slightly  plastic;   common  fine  roots; 
gradual  wavy  boundary. 

CI   —  12  to  17  inches,  light  olive  brown  (2.5Y  5/3)  light  sandy 
loam,  olive  brown  (2.5Y  4/3)  moist;  massive,  slightly 
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hard,  friable,  nonsticky  and  slightly  plastic;  very 
slightly  effervescent;  a  few  very  fine  roots;   clear 
smooth  boundary. 

C2   —  17  to  28  inches,  light  yellowish  brown  (2.5Y  6/3)  light 
sandy  loam,  light  olive  brown  (2.5Y  5/3)  moist;  massive; 
hard,  friable,  nonsticky  and  slightly  plastic;  slightly 
effervescent;  a  few  fine,  soft  masses  of  lime;   a  few  very 
fine  roots;  gradual  wavy  boundary. 

C3   —  28  to  41  inches,  light  yellowish  brown  (2.5Y  6/3)  light 
sandy  loam,  light  olive  brown  (2.5Y  5/3)  moist;  massive; 
slightly  hard,  friable,  nonsticky  and  slightly  plastic; 
slightly  effervescent;  a  few  very  fine  roots;  gradual  wavy 
boundary. 

C4   —  41  to  65  inches,  pale  yellow  (2.5Y  7/3)  heavy  loamy  sand, 
olive  (2.5Y  5/3)  moist;  massive,  slightly  hard,  very 
friable,  nonsticky  and  slightly  plastic;  slightly 
effervescent. 

The  A-horizon  ranges  in  color  from  dark  grayish  brown  to 
light  olive  brown.   The  texture  is  sandy  loam  or  fine  sandy  loam. 
The  B2  horizon  thickness  ranges  from  5  to  10  inches.   Clay 
content  ranges  between  12  and  18  percent. 

Alice  soils  are  associated  with  Nelson,  Travessilla,  and 
Thedalund  soils.   They  have  greater  depth  to  sandstone  than  the 
Nelson  soils  and  have  greater  depth  to  sandstone  than  the 
Travessilla  soils.   They  are  more  sandy  than  the  Thedalund  soils. 


Alice  fine  sandy  loam,  4  to  15  percent  slopes  (Ar)  ♦ 

This  soil  is  on  footslopes,  fans,  and  valley  bottoms  in  20 
to  30-acre-size  areas.   Slopes  are  smooth  and  mainly  4  to  10 
percent.   Steeper  slopes  occur  below  the  higher  hills  and  the 
residual  soils  that  border  the  deep  valleys.   Slope  length  is  200 
to  400  feet.   Included  with  this  soil  in  mapping  are  small  areas 
of  Olney  fine  sandy  loam  on  gentle  slopes  of  the  larger  fans. 
Also  included  is  a  50  to  75-feet-wide  band  of  Glenberg  fine  sandy 
loam  on  8  to  15  percent  slopes  below  the  sandstone  ledges  and 
outcrops  that  border  the  valley.   The  soil  profile  is  the  one 
described  as  typical  for  the  series.   Runoff  is  slow,  and  the 
wind  erosion  hazard  is  severe.   This  soil  is  used  for  range  and 
dry  cropland. 

(Capability  Unit  IIIe-3  Dryland;  Sandy  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Croup  2M) . 
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Arvada  Series 

The  Arvada  series  consists  of  deep,  nearly  level  and  gently 
sloping,  well-drained,  alkali-affected  soils,  on  fans,  terraces, 
and  valley  bottoms.   Slopes  range  from  0  to  4  percent.   They 
formed  in  mixed  clay  and  loam  alluvium  at  elevations  of  2800  to 
3800  feet.   The  annual  precipitation  is  12  to  14  inches; 
mean-annual-soil  temperature  is  47  to  49  degrees  F. ;  and  the 
frost-free  period  is  115  to  125  days. 

Typically  the  surface  layer  is  grayish  brown  and  light 
brownish  gray  silt  loam  about  3  inches  thick.   The  subsoil  is 
grayish  brown  clay  and  silty  clay  about  15  inches  thick.   The 
substratum  is  pale  brown  silty  clay  and  grayish  brown  clay  to  60 
or  more  inches.   Alkalinity  ranges  from  moderate  at  the  surface 
to  strong  in  the  lower  subsoil  and  upper  substratum.   The  soil  is 
very  slowly  permeable  and  the  effective-rooting  depth  is  60 
inches  or  more.   Available-water-holding  capacity  is  moderate  or 
high.   These  soils  are  used  mostly  for  range.   A  few  small  areas 
are  used  for  dry  cropland  where  they  are  mixed  with  other  soils. 

A  typical  profile  of  Arvada  silty  clay  loam  on  grassland  is, 
as  follows: 


A21     —  0  to  2  inches,  grayish  brown  (10YR  5/2)  silt  loam,  dark 
grayish  brown  (10YR  4/2)  moist;  weak,  thin  platy 
structure,  soft,  very  friable,  nonsticky,  slightly 
plastic;  common  vesicular  pores;  abrupt  smooth 
boundary . 

A22     —  2  to  3  inches,  light  brownish  gray  (10YR  6/2)  silt 

loam,  dark  brown  (10YR  4/3)  moist;  moderate,  very  thin 
platy  structure;  many  clean  sand  grains  coating  top  of 
the  plates;  soft,  very  friable,  nonsticky  and  slightly 
plastic;  common  vesicular  pores;  abrupt  smooth 
boundary. 

B2t     —  3  to  13  inches,  grayish  brown  (10YR  5/2)  clay,  very 
dark  grayish  brown  (10YR  3/2)  moist;  strong  medium, 
prismatic  structure  parting  to  strong  medium  blocks, 
extremely  hard,  very  firm,  very  sticky  and  very 
plastic;  patches  of  moderately  thick  clay  films  on  ped 
surfaces;  a  few  fine  roots;  clear  wavy  boundary. 

B3cacs  —  13  to  18  inches,  grayish  brown  (10YP.  5/2)  silty  clay, 
dark  grayish  brown  (10YR  4/2)  moist;  moderate,  medium 
blocky  structure;  strongly  effervescent,  a  few  fine 
threads  and  crystals  of  lime  and  gypsum;  gradual  wavy 
boundary. 
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CI      —  18  to  30  inches,  grayish  brown  (10YR  5/2)  silty  clay, 
dark  grayish  brown  (10YR  4/2)  moist;  massive;  very 
hard,  very  firm,  very  sticky  and  very  plastic;  strongly 
effervescent;  gradual  wavy  boundary. 

C2      —  30  to  60  inches,  pale  brown  (10YR  6/3)  silty  clay,  dark 
yellowish  brown  (10YR  3/4)  moist;  massive;  very  hard, 
firm,  sticky  and  plastic;  strongly  effervescent. 

Depth  to  the  calcareous  material  ranges  from  8  to  18  inches. 
The  A2-horizon-color  range  is  grayish  brown  to  light  gray.   The 
B2t-horizon-texture  range  is  clay  to  clay  loam  and  silty  clay. 
The  C2  horizon  may  be  stratified  with  textures  of  loam,  silt 
loam,  and  sandy  loam  below  the  30-inch  depth. 

Arvada  soils  are  associated  with  Bone,  Hydro,  and  Thurlow 
soils.   They  lack  the  flocculated,  salt  horizon  of  the  Bone 
soils.   They  differ  from  the  Thurlow  soils  in  having  an  A2 
horizon  and  higher  alkalinity.   They  lack  the  transition  A  &  B  or 
B  &  A  horizons  of  Hydro  soils. 


Arvada  silty  clay  loam,  0  to  4  percent  slopes  (Ayd) . 

This  soil  is  on  fans  and  terraces  in  small  stream  valleys. 
The  slopes  are  mainly  0  to  2  percent  with  steeper  slopes  along 
the  shallow  drainageways  and  at  the  edge  of  the  terraces.   The 
soil  has  the  profile  described  as  typical  for  the  series. 
Included  with  this  soil  in  mapping  is  Bone  clay  that  lies  in  the 
barren,  microdepressions  on  the  land  surface.   The  soil  has  slow 
runoff  and  a  slight  erosion  hazard.   The  soil  is  used  for  range. 

(Capability  Unit  VIs-1  Dryland;  Clayey  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  3S). 


Arvada-Bone  clays,  0  to  4  percent  slope  (Aye). 

This  complex  comprises  nearly  level  and  gently  sloping  soils 
on  small  terraces  and  fans  in  wide  valleys.   It  consists  of  60  to 
80  percent  Arvada  clay,  15  to  30  percent  Bone  clay,  and  5  to  10 
percent  Hydro  silty  clay  loam.   The  land  surface  has  distinct 
microdepressions  3  to  8  inches  deep  occupied  by  the  nearly  barren 
Bone  soils.   Continuous  areas  of  the  individual  soils  are  usually 
less  than  1/2  acre.   Slopes  are  1  percent  or  less  on  the  terraces 
and  3  to  4  percent  on  the  fans  and  the  terrace  edges.   The  soils 
have  profiles  similar  to  the  typical  ones  described  for  their 
respective  series.   The  runoff  is  slow  and  erosion  hazard  is 
slight.   These  soils  are  used  for  range. 

(Capability  Unit  VIs-1  Dryland;  Pan  Spot  range  site 
10-14-inch  precipitation  zone;  Windbreak  Suitability  Group  4). 
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Colby  Series 

The  Colby  series  consists  of  deep,  well-drained  soils  on 
terraces,  ridge  tops  and  hills  several  hundred  feet  above  the 
present  river  floodplain.   The  terrain  is  nearly  level  to 
moderately  steep  and  gently  undulating  to  hilly.   Slopes  range 
from  1  to  35  percent.   They  formed  in  alluvium  and  aeolian  silts 
at  elevations  of  2900  to  3600  feet. 

The  vegetation  is  mainly  western  wheatgrass,  prairie 
junegrass,  and  green  needlegrass .   Precipitation  is  13  to  15 
inches;  the  mean-annual-soil  temperature  is  47  to  49  degrees  F. ; 
and  the  frost-free  period  is  110  to  125  days. 

Typically  the  surface  layer  is  grayish  brown  silt  loam  about 
5  inches  thick.   The  underlying  layer  is  light  brownish  gray  or 
pale  yellow  silty  clay  loam  to  60  inches  or  more.   The  soil  is 
moderately  permeable  and  has  an  effective-rooting  depth  of  60  or 
more  inches.   Available-water-holding  capacity  is  high.   These 
soils  are  used  for  dry  cropland,  hayland,  pasture,  and  range. 

A  typical  profile  of  Colby  silt  loam  on  grassland  is,  as 
follows : 

All   —  0  to  2  inches,  grayish  brown  (2.5Y  5/2)  silt  loam  dark 
grayish  brown  (2.5Y  4/2)  moist;  weak  very  fine  platy 
structure;  hard,  friable,  slightly  sticky  and  slightly 
plastic;  slightly  effervescent,  many  fine  roots;  clear 
smooth  boundary. 

A12   —  2  to  5  inches,  grayish  brown  (2.5Y  5/2)  silt  loam,  dark 
grayish  brown  (2.5Y  4/2)  moist;  weak,  coarse  prismatic 
structure;  hard,  friable,  slightly  sticky  and  slightly 
plastic;  many  fine  roots;  common  fine  pores;  slightly 
effervescent;  clear  wavy  boundary. 

CI    —  5  to  1 1  inches,  light  brownish  gray  (2.5Y  6/2)  light 

silty  clay  loam,  light  olive  brown  (2.5Y  5/3)  moist;  weak 
prismatic  structure  parting  to  weak,  medium  and  coarse 
blocks;  hard,  friable,  sticky  and  plastic;  many  fine 
roots;   common  fine  pores;  strongly  effervescent;  a  few 
fine  soft  masses  of  lime;   gradual  wavy  boundary. 

C2ca  —  11  to  15  inches,  pale  yellow  (2.5Y  7/3)  silty  clay  loam, 
light  olive  brown  (2.5Y  5/4)  moist;  weak  coarse  prismatic 
structure  parting  to  weak,  coarse  blocks;  very  hard, 
friable,  very  sticky  and  plastic;  a  few  fine  roots;  a  few 
medium  and  coarse  soft  masses  of  lime;  common  fine  pores; 
strongly  effervescent;  gradual  wavy  boundary. 

C3ca  —  15  to  27  inches,  pale  yellow  (2.5Y  7/3)  silty  clay  loam, 
light  olive  brown  (2.5Y  5/3)  moist;  weak,  coarse 
prismatic  structure  parting  to  weak  coarse  and  medium 
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blocks;  very  hard,  firm,  sticky  and  very  plastic;  a  few 
fine  roots;  a  few  fine  pores;  a  few  medium  and  coarse 
soft  masses  of  lime;  strongly  effervescent;  gradual  wavy 
boundary. 

C4ca  —  27  to  34  inches,  light  gray  (2.5Y  7/2)  heavy  silt  lo°am, 
light  olive  brown  (2.5Y  5/3)  moist;  weak,  coarse  blocky 
structure;  very  hard,  friable,  sticky  and  plastic;  a  very 
few  fine  roots;  common  fine  pores;  a  few  coarse  soft 
masses  of  lime;  strongly  effervescent;  gradual  wavy 
boundary . 

C5    —  34  to  65  inches,  light  yellowish  brown  (2.5Y  5/3)  silt 

loam,  light  olive  brown  (2.5Y  5/3)  moist;  massive;  hard, 
friable,  sticky  and  plastic;   strongly  effervescent. 

The  depth  to  the  segregated  lime  is  8  to  10  inches.   The 
clay  content  in  the  10  to  40-inch  depth  is  20  to  35  percent. 

Colby  soils  are  associated  with  Clapper,  Reauvais,  Keiser, 
and  Midway  soils.   They  contain  less  lime  and  coarse  fragments 
than  the  Clapper  soils.   They  have  greater  depth  to  shale  bedrock 
than  the  Midway  soils. 


Colby-Midway  complex,  8  to  15  percent  slopes  (CW) . 

This  complex  comprises  moderately  steep  soils  on 
thinly-mantled  gravel  terraces  and  benches  where  drainageways 
have  cut  through  the  mantle  into  underlying  shale.   In  places, 
aeolian  silts  have  thickened  the  original  terrace  deposits.   It 
consists  of  50  to  80  percent  Colby  silty  clay  loam,  20  to  35 
percent  Harvey  loam.   The  soil  pattern  is  a  combination  of  Colby 
soils  on  the  mantled  ridges  and  upper  sides  of  the  main  valley 
and  its  tributary  drainageways,  and  Midway  soils  on  the  lower 
side  of  the  ridges  and  valleys.   Harvey  soils  are  on  the  narrow 
ridges  with  slopes  of  12  to  15  percent.   The  soils  have  profiles 
similar  to  the  typical  ones  described  for  their  respective 
series.   Surface  gravels  cover  1  to  15  percent  of  all  the  soils. 
The  runoff  is  rapid  and  the  erosion  hazard  moderate.   These  soils 
are  used  for  range,  pasture,  and  hayland. 

(Capability  Unit  IVe-3  Dryland;  Clayey  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  3M) . 
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Cushman  Series 

The  Cushman  series  consists  of  moderately  deep,  undulating, 
well-drained  soils  on  smooth  ridges  and  hilltops  in  the 
sedimentary  plains.   The  slopes  range  from  4  to  8  percent.   They 
formed  in  place  from  underlying,  mixed  shale  and  sandstone  at 
elevations  of  3100  to  3800  feet. 

The  vegetation  is  mainly  needle-and-thread ,  big  sage, 
western  wheatgrass ,  and  fringed  sagewort.   Annual  precipitation 
is  12  to  14  inches;  the  mean-annual-soil  temperature  is  47  to  49 
degrees  F. ;  the  frost-free  period  is  115  to  125  days. 

Typically  the  surface  layer  is  brown  loam  about  5  inches 
thick.   The  subsoil  is  brown  and  light  brownish  gray  clay  loam 
and  loam  about  11  inches  thick.   The  substratum  is  light  gray 
loam.   Shale  and  sandstone  bedrock  are  at  about  30  inches.   The 
soil  reaction  is  mildly  alkaline  throughout.   The  soil  is 
noncalcareous  to  about  9  inches  and  moderately  calcareous  below 
this  depth.   Lime  in  the  substratum  is  segregated  into  soft 
masses  and  nodules.   The  soil  has  moderate  permeability  and  an 
effective-rooting  depth  of  about  36  inches. 

Available-water-holding  capacity  is  low  or  moderate.   These  soils 
are  used  for  range  and  for  dry  cropland. 

A  typical  profile  of  Cushman  loam  cultivated  is,  as  follows: 

Ap   —  0  to  5  inches,  brown  (10YR  5/3)  loam,  dark  brown  (10YR 
3/3)  moist;   cloddy;  hard,  friable,  very  sticky  and 
plastic;  a  few  fine  roots;  abrupt  smooth  boundary. 

B2t   —  5  to  10  inches,  brown  (10YR  5/3)  clay  loam,  dark  brown 
(10YR  4/3)  moist;  moderate  medium  prismatic  structure 
parting  to  moderate  medium  blocks;  hard,  firm,  very 
sticky  and  plastic;  thin  patchy  clay  films  on  ped 
surfaces;  a  few  very  fine  roots;  clear  wavy  boundary. 

B3    —  10  to  16  inches,  light  brownish  gray  (2.5Y  6/2)  loam, 

grayish  brown  (2.5Y  5/2)  moist;  moderate  medium  prismatic 
structure,  parting  to  moderate  medium  blocks;  thin  patchy 
clay  films  on  ped  surfaces;  strongly  effervescent,  a  few 
medium  lime  mottles  and  some  film  lime;  a  few  very  fine 
roots;  clear  wavy  boundary. 

Clca  —  16  to  25  inches,  light  gray  (2.5Y  7/2)  loam,  light  olive 
brown  (2.5Y  5/3)  moist;  weak  angular  blocky  structure; 
hard,  friable,  sticky  and  plastic;  strongly  effervescent, 
common  medium  and  coarse  lime  mottles;   a  few  very  fine 
roots;  gradual  wavy  boundary. 

C2   —  25  to  35  inches,  light  gray  (2.5Y  7/2)  loam,  grayish 

brown  (2.5Y  5/2)  moist;  massive;  hard,  friable,  sticky 
and  plastic;  strongly  effervescent,  a  few  coarse  lime 
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mottles;  clear  wavy  boundary. 
C3   —  35  to  40  inches,  soft  platy  shale. 

Depth  to  the  shale  and  sandstone  is  20  to  40  inches.   The 
depth  to  the  calcareous  part  of  the  soil  is  9  to  11  inches.   Clay 
content  of  the  B2t  is  27  to  33  percent.   Ap-horizon-color  range 
is  grayish   brown  to  brown.   The  C  horizon  has  a  color  range  of 
light  yellowish  brown  to  light  gray. 

Cushman  soils  are  associated  with  Thedalund,  Midway,  and 
Renohill  soils.   They  have  a  B2t  horizon  not  present  in  the 
Thedalund  soils  and  Midway  soils.   They  are  less  clayey  than  the 
Midway  and  R.enohill  soils. 

Cushman  loam,  undulating,  4  to  8  percent  slopes  (Cz). 

This  undulating  soil  is  on  sedimentary  plains.   It  occupies 
smooth  ridges  and  hills  on  the  broad  divides  between  major  stream 
valleys.   The  areas  range  from  10  to  50  acres  in  size.   The  soil 
has  the  profile  described  as  typical  for  the  series.   Included 
with  this  soil  in  mapping  are  small  areas  of  Heldt,  Midway,  and 
Thurlow  soils.   The  runoff  is  medium  and  the  erosion  hazard  is 
moderate.   This  soil  is  used  for  range,  hayland,  and  dry 
cropland . 

(Capability  Unit  IIIe-3  Dryland;  Silty  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  3M) . 
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Fort  Collins  Series 

The  Fort  Collins  series  consists  of  deep,  nearly  level  to 
sloping  and  rolling,  well-drained  soils  on  terraces  and  fans. 
Slopes  range  from  0  to  15  percent.   They  formed  in  loam  and  clay 
loam  alluvium  in  stream  valleys  at  elevations  of  2850  to  3400 
feet. 

The  vegetation  is  mainly  blue  grama,  needle-and-thread ,  big 
sagebrush,  and  cheatgrass.  The  annual  precipitation  is  12  to  14 
inches;  the  mean-annual-soil  temperature  is  47  to  49  degrees  F. ; 
and  the  frost-free  period  is  115  to  125  days. 

Typically  the  surface  layer  is  grayish  brown  loam  about  4 
inches  thick.   The  subsoil  is  brown  clay  loam  and  loam  about  7 
inches  thick.   The  substratum  is  light  brownish  gray  loam  to  60 
or  more  inches.   These  soils  have  moderate  permeability  and  an 
effective-rooting  depth  of  60  or  more  inches. 

Available-water-holding  capacity  is  high.   These  soils  are  used 
for  irrigated  and  dry  cropland  and  for  range. 

A  typical  profile  of  Fort  Collins  loam  on  grassland  is,  as 
follows : 

A    —  0  to  3  inches,  grayish  brown  (10YR  5/2)  loam,  dark 

grayish  brown  (10YR  4/2)  moist;  moderate,  medium  platy 
structure;  soft,  friable,  nonsticky  and  nonplastic;  clear 
smooth  boundary. 

AB    —  3  to  4  inches,  brown  (10YR  5/3)  loam,  dark  grayish  brown 
(10YR  4/2)  moist;  moderate,  medium  platy  structure; 
slightly  hard,  friable,  slightly  sticky  and  slightly 
plastic;  clear  smooth  boundary. 

B21t  —  4  to  9  inches,  brown  (10YR  5/3)  clay  loam,  dark  brown 
(10YR  4/3)  moist;  moderate,  medium  prismatic  structure 
parting  to  moderate  medium  blocks;   hard,  firm,  sticky 
and  slightly  plastic;  thin  continous  clay  films  on  ped 
surfaces;  gradual  wavy  boundary. 

B22t  —  9  to  12  inches,  brown  (10YR  5/3)  clay  loam  brown  (10YR 

4/3)  moist;   moderate,  medium  prismatic  structure  parting 
to  moderate,  medium  blocks;   hard,  firm,  slightly  sticky 
and  slightly  plastic;  thin  patchy  clay  films  on  ped 
surfaces;  gradual  wavy  boundary. 

B3ca  —  12  to  22  inches,  grayish  brown  (10YR  5/2)  loam,  grayish 
brown  (10YR  4/2)  moist;  weak,  weak  prismatic  structure 
parting  to  weak  medium  blocks;  hard,  friable,  slightly 
sticky  and  pastic;  strongly  effervescent;   a  few  fine 
lime  mottle.   Clear  wavy  boundary. 
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Cl    —  22  to  27  inches,  lighfe brownish  gray  (2.5Y  6/2)  loam, 
light  olive  brown  (2.5Y  5/3)  moist;  weak,  coarse 
prismatic  structure;  hard,  friable,  slightly  sticky  and 
slightly  plastic;  strongly  effervescent;  a  few  medium  and 
coarse  lime  mottles;  gradual  wavy  boundary. 

C2    —  27  to  33  inches,  light  brownish  gray  (2.5Y  6/2)  loam, 
light  olive  brown  (2.5Y  5/3)  moist;  massive;  hard, 
friable,  slightly  sticky  and  slightly  plastic;  strongly 
effervescent;  gradual  wavy  boundary. 

C3    —  33  to  65  inches,  light  gray  (2.5Y  7/2)  loam,  grading  to 
silt  loam  below  53  inches;  massive;  strongly 
effervescent . 

The  depth  to  the  calcareous  soil  ranges  from  7  to  12  inches. 
Coarse  fragments  in  the  upper  24  inches  of  the  profile  range  from 
0  to  10  percent.   Soil-color  hue  is  10YR  to  5Y.   The  A-horizon 
color  range  is  light  brownish  gray  and  grayish  brown.   The 
B2t-horizon  color  range  is  grayish  brown  and  olive. 
Stratification  in  the  C  horizon  includes  textures  of  fine  sandy 
loam,  clay  loara,  and  silt  loam. 

Fort  Collins  soils  are  associated  with  Thurlow,  McRae,  and 
Hydro  soils.   They  contain  less  clay  than  the  Thurlow  soils  and 
more  clay  than  the  McRae  soils.   They  lack  the  A2  and  B  &  A 
horizons  of  the  Hydro  soils. 


Fort  Collins  loam,  2  to  4  percent  slopes  (Fk) . 

This  soil  is  on  fans  and  terraces  in  river  and  intermittent 
stream  valleys.   The  areas  are  5  to  40  acres  in  size.   The  soil 
profile  is  the  one  described  as  typical  for  the  series.   In  the 
areas  of  gravel  terraces  the  soil  may  include  strata  of  loamy 
sand  below  30  inches.   Included  with  the  soil  in  mapping  are 
small  spots  of  McRae  and  Thurlow  soils.   The  runoff  is  slow  and 
the  erosion  hazard  moderate.   This  soil  is  used  for  irrigated  and 
dry  cropland,  havlani,  and  range. 

(Capability  Unit  IIIe-3  Dryland,  IIe-1  Irrigated;  Silty 
range  site  10-14-inch  precipitation  zone;  Windbreak  Suitability 
Group  1) . 


Fort  Collins  loam,  4  to  8  percent  slopes  (Fm) . 

This  soil  is  on  footslopes,  fans,  and  terraces.   It  lies  in 
20  to  50-acre  patches  in  the  tributary  drainageways  to  major 
stream  valleys.   Slope  length  ranges  between  250  and  450  feet. 
The  soil  has  a  profile  similar  to  the  typical  one  described  for 
the  series.   Included  with  this  soil  in  mapping  on  the  footslopes 
are  narrow  bands  of  McRae  soils  immediately  below  the  residual 
soils  of  the  valley  rim.   The  runoff  is  medium  and  the  erosion 
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hazard  moderate.   This  soil  is  used  for  dry  and  irrigated 
cropland,  hayland,  and  range. 

(Capability  Unit  IIIe-3  Dryland,  llle-l  Irrigated;  Silty 
range  site  10-14-inch  precipitation  zone;  Windbreak  Suitability 
Group  1) . 
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Gilt  Edge  Series 

The  Gilt  Edge  series  consists  of  deep,  nearly  level  and 
gently  sloping  and  gently  undulating  sodium-affected  soils  on 
terraces.   Slopes  range  from  0  to  A  percent.   They  formed  in 
alkaline  alluvium  at  elevations  of  2900  to  3600  feet. 

The  vegetation  is  mainly  western  wheatgrass,  Sandberg 
bluegrass,  big  sage,  needle-and-thread,  fringed  sagewort,  and 
blue  grama.   The  annual  precipitation  is  12  to  14  inches;  the 
mean-annual-soil-temperature  is  47  to  49  degrees  F. ;  and  the 
frost-free  period  is  115  to  125  days. 

Typically  the  surface  layer  is  light  brownish  gray  and 
gravish  brown  loam  and  silt  loam  about  3  inches  thick.   The 
subsoil  is  eravish  brown  rlav  and  siltv  clav  about  13  inches 
thick.   The  substratum  is  pale  yellow  silty  clay  and  silty  clay 
loam  to  40  or  more  inches.   The  soil  is  moderately  alkaline  in 
the  surface  and  subsoil,  and  strongly  alkaline  in  some  part  of 
the  substratum.   These  soils  have  moderately  slow  to  slow 
permeability  and  an  effective-rooting  depth  of  40  or  more  inches. 
Available-water-holding  capacity  is  7  to  10  inches.   These  soils 
are  used  for  dry  cropland  and  range.   They  are  suited  for 
irrigation. 

A  typical  profile  of  Gilt  Edge  silty  clay  loam  on  grassland 
is,  as  follows: 

A21   —  0  to  1  inch,  light  brownish  gray  (10YR  6/2)  loam,  dark 
brown  (10YR  4/3)  moist;  vesicular  massive  structure; 
soft,  very  friable,  nonsticky  and  slightly  plastic; 
abrupt  smooth  boundary. 

A22   —  1  to  3  inches,  grayish  brown  (10YR  5/2)  silt  loam,  dark 
brown  (10YR  5/2)  silt  loam,  dark  brown  (10YR  3/3)  moist; 
moderate,  medium  platy  structure;  slightly  hard,  friable, 
slightly  sticky  and  plastic:  clean  sand  erains  coat  the 
top  of  plates  giving  6/2  dry  color;  moderately  alkaline, 
pH  8.1;  abrupt  smooth  boundary.  (A2  horizon  is  2  to  4 
inches  thick.) 

B21t  —  3  to  6  inches,  grayish  brown  (10YR  5/2  crushed,  5/3 
coated)  clay,  dark  grayish  brown  (10YR  4/2)  moist; 
moderate  fine  flat-topped  prismatic  structure  parting  to 
strong  fine  blocks;  very  hard,  firm,  very  sticky  and  very 
plastic;  moderately  thick  patchy  clay  films  on  ped 
surfaces;  a  few  fine  pores;  moderately  alkaline,  pH  8.2; 
clear  smooth  boundary. 

B22t  —  6  to  10  inches,  grayish  brown  (10YR  5/2  crushed,  5/3 

coated)  clay,  dark  gravish  brown  (10YR  4/2  crushed,  4/3 

coated)  moist;  moderate,  medium  prismatic  structure 

parting  to  strong  medium  blocks;  very  hard,  firm,  very 
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sticky  and  very  plastic;  thin  patchy  clay  films  coating 
the  ped  surfaces;   a  few  fine  root  channels  and  pores; 
slightly  effervescent;  moderately  alkaline,  pH  8.2;  clear 
smooth  boundary.  (B2t  horizon  is  6  to  11  inches  thick.) 

B3ca  —  10  to  16  inches,  grayish  brown  (2.5Y  6/2)  silty  clay, 
light  olive  brown  (2.5Y  5/3)  moist;  moderate,  medium 
prismatic  structure  parting  to  moderate,  medium  prismatic 
structure  parting  to  moderate,  medium  blocks;  very  hard, 
firm,  very  sticky  and  very  plastic;  strongly 
effervescent;  common,  medium  masses  of  lime;  moderately 
alkaline,  pH  8.4;  clear  wavy  boundary.   (3  to  8  inches 
thick) 

CI    —  16  to  27  inches,  pale  yellow  (2.5Y  7/3)  silty  clay,  light 
yellowish  brown  (2.5Y  6/3)  moist;  weak,  coarse  prismatic 
structure  parting  to  weak  coarse  blocks:  verv  hard.  firm, 
verv  stickv  and  v/erv  olastic:  stronelv  effervescent: 
common  fine  threads  and  masses  of  lime;  moderately 
alkaline,  ph  8.2;   gradual  wavy  boundary. 

C2    —  27  to  42  inches,  pale  yellow  (2.5Y  7/4)  silty  clay  loam, 
light  yellowish  brown  (2.5Y  6/4)  moist;  massive  very 
hard,  friable,  sticky  and  very  plastic;  strongly 
effervescent;  moderately  alkaline,  pH  8.3;  gradual  wavy 
boundary. 

C3    —  42  to  60  inches,  pale  yellow  (2.5Y  7/4)  silty  clay  loam, 
light  yellowish  brown  (2.5Y  6/4)  moist;  massive 
structure;  very  hard,  friable,  sticky  and  plastic; 
strongly  effervescent;  strongly  alkaline,  pH  8.7. 

The  surface  texture  includes  silt  loam  and  silty  clav  loam. 
The  R2t  horizon  has  50  to  60  percent  clay  with  structure  of 
strong,  flat-topped  or  rounded  prisms.   The  structure  peds  have 
staining  and  coatings  that  are  light  reflective. 

B2t-horizon-color  range  is  light  olive  brown,  dark  grayish  brown, 
and  brown.   The  C-horizon-color  hues  are  5Y  through  10YR.   Color 
ranges  from  pale  brown  to  pale  yellow.   Segregated  lime  is  in  few 
to  common  fine  threads  and  soft  masses.   Segregated  gypsum 
crystals  may  occur  at  any  depth  below  the  B  horizon.   The  C 
horizon  has  more  than  15  percent  exchangeable-sodium  in  some 
parts.   A  gravelly  substratum  may  be  present  below  40  inches.   A 
few  pebbles  may  be  present  in  all  horizons. 

Gilt  Edge  soils  are  associated  with  Bone,  Hydro,  Bew,  and 
Shonkin  soils.   They  lack  the  granulated  salt  horizon  of  the  Bone 
soils.   They  have  more  clay  in  their  B2t  horizon  than  the  Hydro 
soil.   They  are  more  alkaline  than  the  Bew  soils.   They  lack  the 
thick  A2  and  B  &  A  horizons  of  the  Shonkin  soils. 
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Gilt  Edge  silty  clay  loam,  2  to  4  percent  slopes  (Gd) ♦ 

This  gently  sloping  soil  is  on  high  gravel  terraces  and 
benches  along  the  river  valleys.   The  land  surface  includes  1< 
ridges,  knolls,  and  crests  of  broad  undulations  separated  by 
concave  to  level  troughs.   Slope  length  is  50  to  100  feet. 
Shallow  drainageways  near  the  terrace  edge  have  3  to  4  percent 
slopes.   The  soil  profile  is  similar  to  the  typical  one  described 
for  the  series.   Included  with  this  soil  in  mapping  are  small 
areas  of  Shonkin,  Hesper,  Keiser,  and  Hydro  soils.   Also  included 
are  small  areas  where  gravel  covers  15  to  20  percent  of  the  soil 
surface.   Along  terrace  edges  and  deep  drainageways  small  areas 
of  soil  underlain  by  gravelly  sand  at  depths  as  shallow  as  30 
inches  are  also  included.   The  runoff  is  slow  and  the  erosion 
hazard  is  slight.   Areas  of  Shonkin  soil  are  subject  to  flooding 
during  spring  snow  melt.   This  soil  is  used  for  dry  cropland  and 
range.   It  is  suitable  for  irrigation. 

(Capability  Unit  IVs-2  Dryland,  IVe-1  Irrigated;  Dense  clay 
range  site  10-14-inch  precipitation  zone;  Windbreak  Suitability 
Group  2S.) 
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Haverson  Series 

The  Haverson  series  consists  of  deep,  nearly  level  and 
gently  sloping,  well-drained  soils  on  floodplains,  low  terraces 
and  terrace  fronts  in  wide  stream  valleys.   Slopes  range  from  0 
to  35  percent.   They  formed  in  stratified  alluvium  of  loam,  silt 
loam,  and  fine  sandy  loam  at  elevations  of  2800  to  3300  feet. 

The  vegetation  is  mainly  Sandberg  bluegrass , 
needle-and-thread,  silver  sage,  curlycup  gumweed,  and  cudweed 
sagewort.   The  annual  precipitation  is  12  to  14  inches;  the 
mean-annual-soil  temperature  is  47  to  49  degrees  F. ;  and  the 
frost-free  period  is  115  to  125  days. 

Typically  the  surface  layer  is  grayish  brown  and  light 
brownish  gray  stratified  silt  loam,  loam,  and  fine  sandy  loam  to 
60  or  more  inches.   These  soils  have  moderate  permeability  and  an 
effective-rooting  depth  of  60  or  more  inches. 
Available-water-holding  capacity  is  moderate  or  high.   These 
soils  are  used  for  irrigated  and  dry  cropland  and  range. 

A  typical  profile  of  Haverson  loam  cultivated  is,  as 
follows : 

Apl  —  0  to  4  inches,  grayish  brown  (2.5Y  5/2)  heavy  loam,  dark 
grayish  brown  (2.5Y  4/2)  moist;  cloddy  structure  with 
surface  of  moderate  coarse  granules;   hard,  friable, 
slightly  sticky  and  plastic;  slightly  effervescent;  clear 
smooth  boundary. 

Ap2  —  4  to  12  inches,  grayish  brown  (2.5Y  5/2)  heavy  loam,  dark 
grayish  brown  (2.5Y  4/2)  moist;  fragmental  structure; 
hard,  friable,  slightly  sticky  and  plastic;  very  few,  very 
fine  roots  and  pores;  slightly  effervescent;  clear  smooth 
boundary. 

CI   —  12  to  27  inches,  light  yellowish  brown  (2.5Y  6/3)  loam, 
light  olive  brown  (2.5Y  5/3)  moist;  massive;  hard, 
friable,  slightly  sticky  and  slightly  plastic;  a  few  fine 
roots;  common  fine  pores;  strongly  effervescent;  gradual 
wavy  boundary. 

C2   —  27  to  33  inches,  light  brownish  gray  (2.5Y  6/2)  stratified 
silt  loam  sandy  loam,  light  olive  brown  (2.5Y  5/3)  moist; 
massive;  slightly  hard,  friable,  nonsticky  and  slightly 
plastic;  a  very  few  fine  roots;  strongly  effervescent; 
gradual  wavy  boundary. 

C3  —  33  to  60  inches,  light  yellowish  brown  (2.5Y  6/3)  light 
sandy  loam,  light  olive  brown  (2.5Y  5/3)  moist;  massive; 
slightly  hard,  very  friable,  nonsticky  hard,  very  friable, 
nonsticky  and  slightly  plastic;  slightly  effervescent;  a 
few  faint,  reddish  brown  mottles. 
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The  texture  of  the  A  horizon  is  silty  clay,  silty  clay  loam, 
or  loam.   The  soil-color  hue  is  10YR  through  2.5Y.   The 
A-horizon-color  range  is  light  brownish  gray  and  light  yellowish 
brown.   The  C-horizon-color  range  is  light  yellowish  brown  and 
light  olive  gray. 

Haverson  soils  are  associated  with  Lohmiller,  Glenberg,  and 
McRae  soils.   They  contain  less  clay  than  the  Lohmiller  soils  and 
have  less  sand  than  the  Glenberg  soils.   They  lack  the  R2  horizon 
and  segregated  lime  of  the  McRae  soils. 


Haverson  loam,  0  to  2  percent  slopes  (Hfa). 

This  nearly  level  soil  is  on  river-  and  perennial-stream 
floodplains  and  low  terraces.   Most  areas  are  nearly  level  and 
smooth,  but,  in  places,  old  stream  channel  scars  give  local 
relief  of  1  to  2  feet.   It  has  the  profile  described  as  typical 
for  the  series.   Included  are  some  areas  of  soils  that  have 
gravelly  sand  at  depths  between  20  and  40  inches.   These  areas 
are  marked  by  a  special  symbol  on  the  soil  maps.   Surface  runoff 
is  slow,  and  the  erosion  hazard  is  slight.   Spring  flooding  may 
occur  in  local  areas  for  several  days.   Streambank  erosion  is  a 
management  problem  along  the  perennial  streams.   This  soil  is 
suited  to  dry  and  irrigated  cropland,  hayland,  and  range. 

(Capability  Unit  IIIc-1  Dryland;  ITc-1  Irrigated;  Silty 
range  site  10-14- inch  precipitation  zone;  Windbreak  Suitability 
Group  1 . ) 


Haverson  and  Lohmiller  soils,  channeled,  0  to  35  percent  slopes  (HGb) 

This  undifferentiated  soil  group  comprises  nearly  level  to 
steep  soils  of  stream  valleys.   This  group  consists  of  Haverson 
loam  and  silty  clay  loam,  and  Lohmiller  silty  clay  loam.   The 
amounts  and  kinds  of  these  soils  in  any  map  area  varies  widely 
and  no  useful  purpose  would  be  served  to  separate  them.   Channel 
erosion  and  the  extreme  meander  pattern  divide  the  soils  into  1/4 
to  3-acre  patches. 

Locally  runoff  from  tributary  valleys  floods  some  of  the 
soils.   Slopes  are  0  to  4  percent  on  the  valley  bottom  and  15  to 
35  percent  on  the  short  terrace  breaks  and  the  sides  of  the 
stream  channel.   The  soil  profiles  of  the  Haverson  and  Lohmiller 
soils  in  this  association  have  the  characteristics  similar  to 
those  described  for  their  respective  series.   Included  in  the 
mapping  are  spots  of  Hysham  silty  clay  loam  and  Haverson  soils, 
saline.   The  runoff  is  slow  and  the  erosion  hazard  is  severe. 
This  soil  association  is  suited  to  range. 

(Capability  Unit  VIe-1  Dryland;  Silty  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  4.) 
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Heldt  Series 

The  Heldt  series  consists  of  deep,  nearly  level  to 
moderately  steep,  well-drained  soils  on  fans,  terraces,  and 
footslopes.   Slopes  range  from  0  to  15  percent.   They  formed  in 
silty  clay  loam  alluvium  in  the  wide  river  and  intermittent 
stream  valleys,  at  elevations  of  2800  to  3500  feet. 

The  vegetation  is  mainly  western  wheatgrass,  green 
needlegrass ,  big  sage,  and  blue  grama.   The  annual  precipitation 
is  12  to  14  inches;  the  mean- annual-soil  temperature  is  47  to  49 
degrees  F. ;  and  the  frost-free  period  is  115  to  125  days. 

Typically  the  surface  layer  is  grayish  brown  silty  clay  loam 
about  6  inches  thick.   The  substratum  is  light  yellowish  brown 
and  light  gray  silty  clay  loam  and  clay  loam  to  60  or  more 
inches.   These  soils  have  slow  permeability  and  an 
effective-rooting  depth  of  60  or  more  inches.   These  soils  are 
used  for  dry  and  irrigated  cropland  and  range. 
Available-water-holding  capacity  is  high. 

A  typical  profile  of  Heldt  silty  clay  loam  on  grassland  is, 
as  follows: 

A  —  0  to  4  inches,  grayish  brown  (2.5Y  5/2)   light  silty  clay 

loam,  dark  grayish  brown  (2.5Y  4/2)  moist;  weak,  fine  platy 
structure  parting  to  weak  fine  granules;  hard,  friable, 
slightly  sticky  and  plastic;  slightly  effervescent;  clear 
smooth  boundary. 

B2  —  4  to  10  inches,  grayish  brown  (2.5Y  5/2)  silty  clay  loam, 

dark  grayish  brown  (2.5Y  4/2)  moist;  weak,  medium  prismatic 
structure  parting  to  moderate,  medium  blocks;  hard, 
friable,  sticky  and  plastic;  slightly  effervescent;   clear 
wavy  boundary. 

CI  —  10  to  15  inches,  light  yellowish  brown  (2.5Y  6/3)  silty 

clay  loam,  light  olive  brown  (2.5Y  5/3)  moist;  weak,  medium 
prismatic  structure  parting  to  weak,  coarse  and  medium 
blocks;  hard,  friable,  sticky  and  plastic;  strongly 
effervescent;  a  few  lime  threads;  clear  wavy  boundary. 

C2  —  15  to  23  inches,  light  yellowish  brown  (2.5Y  6/3)  silty 

clay  loam,  light  olive  brown  (2.5Y  5/3)  moist;  weak,  medium 
blocky  structure;  hard,  friable,  sticky  and  plastic; 
strongly  effervescent,  common  thread  lime;  gradual  wavy 
boundary. 

C3  — 23  to  44  inches,  light  gray  (2.5Y  7/2)  silty  clay  loam, 
grayish  brown  (2.5Y  5/2)  moist;  massive;  hard,  friable, 
sticky  and  plastic;  strongly  effervescent;  gradual 
boundary. 
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C4  —  44  to  60  inches,  light  brownish  gray  (2.5Y  6/2)  clay  loam, 
grayish  brown  (2.5Y  5/2)  moist;  massive;  hard,  friable, 
sticky  and  plastic;  strongly  effervescent. 

The  10  to  40  inch  section  is  a  heavy  silty  clay  loam  or 
silty  clay  with  clay  content  ranging  from  38  to  50  percent. 
Coarse  fragments  of  shale  and  gravel  range  from  0  to  10  percent. 
Soil-color  hue  is  2.5Y  through  5Y.   The  A-horizon-color  range  is 
light  brownish  gray  and  olive  gray.   The  Cca-horizon-  color  range 
is  light  gray  and  pale  olive. 

Heldt  soils  are  associated  with  Thurlow,  Kyle,  and  McRae 
soils.   They  lack  the  B2t  horizon  of  the  Thurlow  soils.   They 
contain  less  clay  than  the  Kyle  soils  and  have  more  clay  than  the 
McRae  soils. 


Heldt  silty  clay  loam,  4  to  8  percent  slopes  (Hlc). 

This  soil  is  on  footslopes  and  fans  in  river  valleys  and 
below  shale,  rock-capped  escarpments  in  intermittent  stream 
valleys.   In  the  valleys  that  drain  gravel-capped  land  there  are 
scattered  surface  gravels.   Slopes  are  generally  smooth  but  some 
areas  have  deep  gullies  spaced  at  500  to  800  feet.   The  soil  has 
the  profile  described  as  typical  for  the  series.   Included  with 
this  soil  in  mapping  are  isolated,  1  to  2-acre  knobs  of  Midway 
silty  clay  loam.   Relow  steep  shale  escarpments  there  is  an 
inclusion  of  a  band  of  Lohmiller  silty  clay  loam.   Surface  runoff 
is  rapid  and  the  erosion  hazard  is  moderate.   This  soil  is  suited 
to  most  irrigated  and  dryland  crops,  hayland,  and  range.   Erosion 
control  is  the  main  management  problem. 

(Capability  Unit  IIIe-3  Dryland;  IIIe-1  Irrigated;  Clayey 
range  site  10-14-inch  precipitation  zone;  Windbreak  Suitability 
Group  1 . ) 


Heldt  silty  clay  loam,  8  to  15  percent  slopes  (Hid). 

This  soil  is  on  long,  narrow  areas  on  footslopes  in 
intermittent  stream  valleys.   Slopes  are  mainly  10  to  15  percent 
with  length  ranging  between  150  and  400  feet.   The  soil  profile 
is  similar  to  the  typical  one  described  for  the  series.   Included 
with  this  soil  in  mapping  is  a  band  of  Lohmiller  silty  clay  loam 
below  the  shale  outcrops  on  the  valley  rim.   The  surface  runoff 
is  rapid,  and  the  erosion  hazard  is  severe.   Most  areas  of  this 
soil  receive  runoff  from  steeper  soils  that  lie  above  them.   This 
soil  is  suited  to  dryland  crops  and  to  range.   Erosion  control  is 
an  important  management  problem  on  this  soil. 

(Capability  Unit  IVe-3  Dryland;  Clayey  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Croup  1.) 
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Heldt-Hyshain  silty  clay  loams,  2  to  4  percent  slopes  (Hlg)  . 

This  soil  complex  comprises  gently  sloping  soils  on  fans, 
low  terraces,  and  bottoms  in  intermittent  stream  valleys.   Slopes 
are  mainly  2  percent  on  the  valley  bottom  and  3  or  4  percent  on 
the  fans  and  valley  sides.   The  complex  consists  of  about  75 
percent  Heldt  silty  clay  loam  and  about  25  percent  Fysham  silty 
clay  loam.   The  Hysham  soil  is  in  spots  about  15  feet  wide  where 
vegetation  is  thin  and  the  surface  is  light  gray.   Runoff  is 
medium  and  erosion  hazard  is  moderate.   The  Heldt  and  Hysham 
soils  in  this  complex  have  characteristics  similar  to  those 
described  for  their  respective  series.   This  complex  is  suited  to 
range  and  dry  cropland.   Crop  growth  on  the  Hysham  soil  is 
affected  by  the  alkalinity  of  the  soil  and  by  poor  structure  and 
tilth  when  plowed. 

(Capability  Unit  IIIe-3  Dryland;  Clayey  range  site 
10-14-inch  precipitation  zone;  Windbreak  Suitability  Group  3S . ) 
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Hydro  Series 

The  Hydro  series  consists  of  deep,  nearly  level  to  sloping, 
well-drained  soils  on  terraces,  fans,  and  benches  in  and  along 
the  large  stream  valleys.   Slopes  range  from  0  to  8  percent. 
They  formed  in  alluvium  of  clay  loam  and  silty  clay  loam 
containing  a  moderate  amount  of  sodium  at  elevations  of  3000  to 
3800  feet. 

The  vegetation  is  mainly  western  wheatgrass ,  blue  grama, 
Sandberg  bluegrass,  big  sage,  and  plains  reedgrass.   The  annual 
precipitation  is  13  to  15  inches;  the  mean-annual-soil 
temperature  is  47  to  49  degrees  V. ;  and  the  frost-free  period  is 
110  to  120  days. 

Typically  the  surface  layer  is  light  brownish  gray,  very 
fine  sandy  loam  about  2  inches  thick;   The  subsurface  layer  is 
brown  loam  about  3  inches  thick.   The  subsoil  is  grayish  brown 
silty  clay  and  silty  clay  loam  about  22  inches  thick.   The 
substratum  is  light  brownish  gray  and  olive  gray  silty  clay  loam, 
silty  clay,  and  silt  loam  to  60  or  more  inches.   The  soil 
reaction  is  moderately  alkaline  in  the  subsoil  and  strongly 
alkaline  in  the  upper  substratum.   These  soils  have  slow 
permeability  and  an  effective-rooting  depth  of  60  or  more  inches. 
Available-water-holding  capacity  is  moderate  or  high.   These 
soils  are  used  for  dry  cropland  and  range.   They  are  suitable  for 
irrigation. 

A  typical  profile  of  Hydro  loam  on  grassland  is,  as  follows: 

A2     —  0  to  2  inches,  light  brownish  gray  (10YR  6/2)  very  fine 
sandy  loam,  very  dark  grayish  brown  (10YR  3/2)  moist; 
moderate,  thin  platy  structure;   slightly  hard,  very 
friable,  nonsticky  and  slightly  plastic;  abundant  clean 
sand  grains;  clear  smooth  boundary. 

A2&B2  —  2  to  5  inches,  brown  (10YR  5/3)  loam,  dark  brown  (10YR 

3/3)  moist;   weak,  medium  prismatic  structure  parting  to 
moderate  thin  plates;  slightly  hard,  friable,  slightly 
sticky  and  slightly  plastic;  clean  sand  grains  coating 
the  tops  of  the  structure  plates;  clear  smooth  boundary. 

B2&A2  —  5  to  7  inches,  brown  (10YS  5/3)  silty  clay  loam,  dark 
brown  (10YR  3/3)  moist;  moderate,  medium  prismatic 
structure  parting  to  moderate,  medium  plates;  hard, 
friable,  sticky  and  plastic;  coating  of  clean  sand 
grains  on  the  tops  of  the  plates;  thin,  patchy  clay 
films  on  ped  faces;  clear  wavy  boundary. 

B21t   —  7  to  12  inches,  grayish  brown  (10YR  5/2)  silty  clay, 
dark  grayish  brown  (10YR  4/2)  moist;  moderate,  medium 
prismatic  structure  parting  to  strong,  fine  and  medium 
blocks;  very  hard,  firm,  very  sticky  and  very  plastic; 
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moderately  thick,  patchy  clay  films  on  ped  surfaces; 
clear  wavy  boundary. 

B22t   —  12  to  15  inches,  grayish  brown  (2.5Y  5/2)  silty  clay, 

olive  brown  (2.5Y  4/3)  moist;  moderate,  medium  prismatic 
structure  parting  to  strong,  fine  blocks;  very  sticky 
and  very  plastic;  moderately  thick,  patchy  clay  films  on 
ped  surfaces;  clear  wavy  boundary. 

B23t  —  15  to  21  inches,  grayish  brown  (2.5Y  5/2)  silty  clay, 

olive  brown  (2.5Y  4/3)  moist;  moderate,  medium  prismatic 
structure  parting  to  strong  fine  blocks;  very  hard, 
firm,  very  sticky  and  very  plastic;  moderately  thick, 
patchy  clay  films  on  ped  surfaces;  slightly 
effervescent;  clear  wavy  boundary. 

B3ca   —  21  to  27  inches,  light  brownish  gray  (2.5Y  6/2)  silty 
clay,  light  olive  brown  (2.5Y  5/3)  moist;  moderate, 
medium  prismatic  structure  parting  to  moderate  fine 
blocks;  very  hard,  firm,  very  sticky  and  very  plastic; 
strongly  effervescent;  a  few  fine  lime  mottles;  gradual 
wavy  boundary. 

Clca  —  27  to  32  inches,  light  brownish  gray  (2.5Y  6/2)  silty 
clay,  grayish  brown  (2.5Y  5/2)  moist;  weak,  medium 
blocky  structure;  very  hard,  firm,  very  sticky  and  very 
plastic;  strongly  effervescent;  a  few,  medium  lime 
mottles;   gradual  wavy  boundary. 

C2    —  32  to  39  inches,  olive  gray  (5Y  5/2)  silty  clay  loam, 
olive  (5Y  4/3)  moist;  massive;  very  hard,  firm,  sticky 
and  plastic;  strongly  effervescent;  gradual  boundary. 

IIC    —  39  to  65  inches,  light  olive  gray  (5Y  6/2)  stratified 

silt  loam  and  very  fine  sandy  loam,  olive  gray  (5Y  4/2) 
moist;  soft,  friable,  slightly  sticky  and  slightly 
plastic;  strongly  effervescent. 

Soil-color  hues  are  7.5YR  through  5Y.   The  noncalcareous 
part  of  the  solum  is  12  to  18  inches  thick.   The 

A2-horizon-texture  range  is  loam  to  silt  loam.   It's  color  range 
is  grayish  brown  to  light  gray.   The  B2t-horizon-clay  content 
ranges  from  45  to  55  percent.   The  B2t-horizon-color  range  is 
dark  brown  to  brown.   The  Cca  horizon  has  a  color  range  of  light 
olive  brown  and  light  olive  gray. 

Hydro  soils  are  associated  with  Allentine,  Bone,  Thurlow, 
Gilt  Edge,  and  Shonkin  soils.   They  have  a  thicker  A2  horizon  and 
greater  solum  thickness  than  the  Allentine  soils.   They  lack  the 
granular  salt  horizon  of  the  Bone  soils.   They  differ  from  the 
Thurlow  soils  in  having  A2  and  B  &  A  horizons.   They  lack  the 
abrupt  boundary  of  the  A2  and  B2  horizons  and  have  less  clayey 
B2t  horizons  than  the  Gilt  Edge  soils.   They  have  thinner  A2 
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horizons  and  lack  the  mottling  of  the  Shonkin  soils. 

Hydro  loam,  0  to  8  percent  slopes  (Hna) . 

This  nearly  level  to  sloping  soil  is  in  5  to  35-acre  areas 
on  fans,  footslopes,  and  terraces  in  intermittent  stream  valleys. 
Slope  length  ranges  between  300  and  600  feet.   Slope  gradient  is 

0  to  2  percent  on  the  terraces,  2  to  5  percent  on  the  fans  and  5 
to  8  percent  on  the  footslopes.   It  has  the  soil  profile 
described  as  typical  for  the  series.   Included  in  mapping  were 
small  areas  of  Allentine  silty  clay  in  microdepressions  mainly  on 

1  percent  slopes  of  the  terraces.   Surface  runoff  is  slow  to 
medium,  and  the  erosion  is  slight  to  moderate.   This  soil  is 
suited  to  dryland  crops,  hayland,  and  range.   Erosion  control  is 
a  necessary  part  of  soil  management  on  steep  slopes. 

(Capability  Unit  IIIc-1  Dryland;  Silty  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  2S.) 

Hydro  silt  loam,  2  to  4  percent  slopes  (Hnc) . 

This  gently  sloping  soil  occurs  on  fans  and  loess-mantled 
hills  along  major  stream  valleys.   Its  profile  differs  from  the 
typical  one  described  for  the  series  by  having  grayish  brown 
color  and  silt  loam  texture  in  the  surface  layers.   Included  in 
mapping  on  the  mantled  hills  were  some  areas  of  Richfield  silty 
clay  loam  on  convex,  4  percent  slopes.   Surface  runoff  is  medium 
and  the  erosion  hazard  is  moderate.   This  soil  is  suited  to 
dryland  crops  and  to  range.   It  is  well  suited  for  irrigated 
crops . 

(Capability  Unit  IIIe-2  Dryland;  IIIs-1  Irrigated;  Silty 
range  site  10-14-inch  precipitation  zone;  Windbreak  Suitability 
Group  2S.) 

Hydro-Allentine  complex,  4  to  8  percent  slopes  (Hnh) . 

This  complex  comprises  sloping  soils  of  stream  valleys. 
About  75  percent  is  Hydro  loam  and  about  25  percent  is  Allentine 
clay  loam.   The  Allentine  clay  loam  has  a  thin,  grass  cover  and 
it  occupies  2  to  4-inch  deep  microdepressions  surrounded  by  the 
Hydro  loam.   In  cultivated  fields  the  Allentine  soil  has  hard 
surface  clods.   The  Hydro  and  Allentine  soils  in  this  complex 
have  profiles  similar  to  those  described  for  their  respective 
series.   Runoff  is  medium  and  the  erosion  hazard  is  moderate. 
This  complex  is  suited  to  dryland  crops  and  to  range.  Most  areas 
when  cultivated  need  protection  against  runoff  from  soils  that 
lie  above  them.   Maintaining  good  tilth  is  important  on  the 
Allentine  soil. 

(Capability  Unit  IVs-2  Dryland;  Pan  Spots  range  site 
10-14-inch  precipitation  zone;  Windbreak  Suitability  Group  3S . ) 
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Hysham  Series 

The  Hysham  series  consists  of  deep,  nearly  level  to 
moderately  steep,  well-drained,  sodium-affected  soils  on 
terraces,  fans,  and  footslopes  in  the  river  and  intermittent 
stream  valleys.   Slopes  range  from  0  to  15  percent.   They  formed 
in  alluvium  of  mixed  loam,  silt  loam,  and  silty  clay  loam  at 
elevations  of  2850  to  3600  feet. 

The  vegetation  is  mainly  plains  prickly  pear,  greaseweed, 
silver  sage,  western  wheatgrass ,  and  Sandberg  bluegrass .   The 
annual  precipitation  is  13  to  14  inches;  the  mean-anual-soil 
temperature  is  47  to  50  degrees  F. ;  and  the  frost-free  season  is 
115  to  125  days. 

Typically  the  surface  layer  is  light  brownish  gray  silty 
loam  about  1  inch  thick.   The  underlying  material  is  grayish 
brown  or  light  olive  brown  silty  clay  loam  to  60  or  more  inches. 
The  soil  reaction  is  strongly  alkaline  throughout.   These  soils 
have  slow  permeability  and  an  effective-rooting  depth  of  60  or 
more  inches.   These  soils  are  used  for  range  and  irrigated 
cropland . 

A  typical  profile  of  Hysham  silty  clay  loam  on  grassland  is, 
as  follows: 

A  —  0  to  1  inch,  light  brownish  gray  (2.5Y  5/2)  heavy  silt 

loam,  very  dark  grayish  brown  (2.5Y  3/2)  moist;  moderate 
thin  platy  structure;  slightly  hard,  friable,  slightly 
sticky  and  plastic;  slightly  effervescent;  strongly 
alkaline,  pH  9.0;  clear  boundary. 

CI  —  1  to  7  inches,  grayish  brown  (2.5Y  5/2)  silty  clay  loam, 
dark  grayish  brown  (2.5Y  4/2)  moist;  moderate  subangular 
blocky  structure;  hard,  firm,  sticky  and  plastic;  strongly 
alkaline,  pH  9.0;  strongly  effervescent;   gradual  boundary. 

C2  —  7  to  11  inches,  grayish  brown  (2.5Y  5/2)  heavy  silty  clay 
loam,  dark  grayish  brown  (2.5Y  4/2)  moist;  moderate  medium 
subangular  blocky  structure;   very  hard,  firm,  sticky  and 
very  plastic;  strongly  alkaline,  pH  8.9;  strongly 
effervescent;  gradual  wavy  boundary. 

C3  —  11  to  14  inches,  grayish  brown  (2.5Y  5/2)  silty  clay  loam; 
dark  grayish  brown  (2.5Y  4/2)  moist;  weak  fine  subangular 
blocky  structure;  hard,  friable,  slightly  sticky  and 
plastic;  strongly  effervescent;  strongly  alkaline,  pH  8.5; 
few  fine  salt  threads  and  crystals;  gradual  wavy  boundary. 

C4  —  14  to  23  inches,  grayish  brown  (2.5Y  5/2)  heavy  silty  clay 
loam,  dark  grayish  brown  (2.5Y  4/2)  moist;  weak  fine 
subangular  blocky  structure;  very  hard,  firm,  sticky  and 
plastic;  strongly  effervescent;  strongly  alkaline,  pH  8.8; 
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common  fine  salt  crystals;  gradual  wavy  boundary. 

C5  —  23  to  43  inches,  grayish  brown  (2.5Y  5/2)  heavy  silty  clay 
loam,  dark  grayish  brown  (2.5Y  4/2)  moist;  weak  fine 
subangular  blocky  structure  parting  to  weak  medium  plates; 
very  hard,  firm  sticky  and  plastic;  strongly  effervescent; 
strongly  alkaline,  pR  8.7;  common  fine  salt  crystals; 
gradual  boundary. 

C6  —  43  to  63  inches,  light  olive  brown  (2.5Y  5/2)  silty  clay 
loam,  olive  brown  (2.5Y  4/3)  moist;  massive  structure; 
hard,  friable,  sticky  and  plastic;   strongly  effervescent; 
strongly  alkaline,  pH  8.6;  few  fine  salt  crystals. 

Soil  color  hue  is  2.5Y  through  5Y.   Texture  of  the  10  to 
40-inch  section  is  loam,  clay  loam,  or  silty  clay  loam  with  20  to 
35  percent  clay.   The  Ap-horizon-color  range  is  grayish  brown  to 
olive  gray.   The  C-horizon-color  range  is  light  yellowish  brown 
and  pale  olive.   The  gypsum  and  other  salt  crystals  occur  in  few 
to  common  threads  and  clusters.   Strata  of  fine  sandy  loam  and 
loamy  sand  may  occur  at  depths  below  24  inches. 

Hysham  soils  are  associated  with  Lohmiller,  Haverson, 
Clenberg,  and  Ttidway  soils.   They  are  more  alkaline  than  these 
soils  and  have  a  crusted  surface.   They  are  not  as  sandy  as  the 
Glenberg  soils  and  they  lack  the  shale  bedrock  of  the  Midway 
soils. 


Hysham  loam,  0  to  2  percent  slopes  (Ho). 

This  soil  is  on  terraces  and  fans  in  river  valleys.   It  has 
a  profile  similar  to  the  typical  one  described  for  the  series. 
Included  in  the  mapping  were  spots  of  Haverson  loam  making  up  as 
much  as  25  percent  of  any  map  area.   A  water  table  below  3  feet 
is  present  in  some  spots  during  part  of  the  growing  season. 
Surface  runoff  is  slow,  and  the  erosion  hazard  is  slight.   This 
soil  is  suited  to  range.   It  is  suited  to  alkali-tolerant, 
irrigated  crops  only  after  reclamation  by  drainage  and  leaching. 

(Capability  Unit  Vis  Dryland;  Silty  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Croup  3S . ) 
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Lohmiller  Series 

The  Lohmiller  series  consists  of  deep,  nearly  level  to  steep 
and  undulating,  well-drained  soils  on  floodplains  of  rivers  and 
streams  and  on  fans  and  footslopes  in  intermittent  stream 
valleys.   Slopes  range  from  0  to  35  percent.   They  formed  in 
calcareous,  silty  clay  alluvium  at  elevations  of  2800  to  3600 
feet. 

The  vegetation  is  mainly  western  wheatgrass,  blue  grama, 
silver  sage,  and  Sandberg  bluegrass.   Annual  precipitation  is  12 
to  14  inches;  the  mean-annual-soil  temperature  is  47  to  49 
degrees  F. ;  and  the  frost-free  period  is  115  to  125  days. 

Typically  the  surface  layer  is  light  brownish  gray  silty 
clay  loam  about  12  inches  thick.   The  underlying  material  is 
light  yellowish  brown  and  pale  olive  stratified  silty  clay  loam 
and  silty  clay  to  60  or  more  inches.   The  permeability  is 
moderately  slow  and  the  effective-rooting  depth  is  60  or  more 
inches.   The  available-water-holding  capacity  is  high.   These 
soils  are  used  for  irrigated  and  dry  cropland  and  for  range. 

A  typical  profile  of  Lohmiller  silty  clay  loam,  cultivated 
and  irrigated  is,  as  follows: 

Ap  1  —  0  to  6  inches,  light  brownish  gray  (2.5Y  6/2)  silty  clay 
loam,  dark  grayish  brown  (2.5Y  4/2)  moist;  cloddy  with  a 
surface  mulch  of  moderate  fine  to  coarse  granules;  hard, 
firm,  sticky  and  plastic;  a  few  very  fine  roots  and  pores; 
strongly  effervescent;  clear  smooth  boundary. 

Ap2  —  6  to  12  inches,  light  brownish  gray  (2.5Y  4/2)  heavy  silty 
clay  loam,  dark  grayish  brown  (2.5Y  4/2)  moist;  moderate, 
sharply  angled  blocky  and  fragmental  structure;  hard, 
firm,  very  sticky  and  very  plastic;  a  few  very  fine  roots 
and  pores;  strongly  effervescent;  clear  wavy  boundary. 

CI   —  12  to  17  inches,  light  brownish  gray  (2.5Y  6/2)  light 
silty  clay  loam,  light  olive  brown  (2.5Y  5/3)  moist; 
massive;  hard,  friable,  sticky  and  plastic;   a  few  very 
fine  roots  and  pores;  strongly  effervescent;  gradual  wavy 
boundary. 

C2  —  17  to  33  inches,  pale  olive  (5Y  6/3)  heavy  silty  clay  loam 
containing  several  1  to  2-inch  bands  of  heavy  silty  clay 
loam,  olive  (5Y  5/3)  moist;   massive;  hard,  friable,  very 
sticky  and  very  plastic;  a  very  few  fine  roots;   common 
fine  pores;  strongly  effervescent;  clear  wavy  boundary. 

C3   —  33  to  60  inches,  light  yellowish  brown  (2.5Y  6/3)  light 
silty  clay  containing  several  thin  bands  of  silty  clay 
loam,  light  olive  brown  (2.5Y  5/3)  moist;  massive;  very 
hard,  firm,  very  sticky  and  very  plastic;  a  few  fine 
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pores;  strongly  effervescent. 

Texture  of  the  10  to  40-inch  section  averages  heavy  silty 
clay  loam  with  a  clay  content  of  35  to  45  percent.   Coarse 
fragments  make  up  0  to  10  percent  of  the  material  below  30 
inches.   Soil-color  hue  is  2.5Y  and  5Y.   The  Ap  horizon,  which  is 
8  to  12  inches  thick,  is  brownish  gray  or  olive  gray. 

The  Lohmiller  soils  are  associated  with  Haverson  and  Kyle 
soils.  They  contain  more  clay  than  the  Haverson  and  less  clay 
than  the  Kyle  soils. 


Lohmiller  silty  clay  loam,  4  to  8  percent  slopes  (Lr). 

This  sloping  soil  is  on  fans,  footslopes,  and  terraces  in 
intermittent  stream  valleys  and  at  the  junction  of  tributary 
drainageways  with  river  valleys.   The  large  fans  and  terraces  are 
often  dissected  by  an  uncrossable,  dry,  stream  channel.   Most  of 
the  areas  on  the  footslopes  receive  runoff  from  soils  that  lie 
above  them.   The  soil  profile  is  similar  to  the  typical  one 
described  for  the  series.   Surface  runoff  is  rapid  and  the 
erosion  hazard  is  moderate.   This  soil  is  suited  to  irrigated  and 
dryland  crops.   It  is  also  suited  to  range.   Erosion  control  is 
an  important  Tianagement  problem  on  the  cultivated  soil. 

(Capability  Unit  IIIe-3  Dryland;  IIIe-1  Irrigated;  Clayey 
range  site  10-14-inch  precipitation  zone;  Windbreak  Suitability 
Group  1.) 
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McRae  Series 

The  McRae  series  consists  of  deep,  nearly  level  to  steep, 
well-drained  soils  on  fans,  footslopes,  and  eroded  terraces  and 
terrace  fronts  in  river  and  intermittent  stream  valleys.   Slopes 
range  from  0  to  35  percent.   They  formed  in  loam  and  clay-loam 
alluvium  at  elevations  of  2800  to  3800  feet. 

Vegetation  is  mainly  blue  grama,  needle-and-thread ,  western 
wheatgrass,  big  sage,  and  cheatgrass.  Precipitation  is  12  to  14 
inches;  mean-annual-soil  temperature  is  47  to  49  degrees  F. ;  and 
the  frost-free  period  is  115  to  125  days. 

Typically  the  surface  layer  is  grayish  brown  loam  about  2 
inches  thick.   The  substratum  is  pale  olive  and  pale  yellow  loam 
to  60  or  more  inches.   The  permeability  is  moderate  and  the 
effective-rooting  depth  is  60  inches  or  more. 

Available-water-holding  capacity  is  high.   These  soils  are  used 
for  irrigated  and  dry  cropland  and  for  range. 

A  typical  profile  of  McRae  loam  on  grassland  is,  as  follows: 

A    —  0  to  2  inches,  grayish  brown  (2.5Y  5/2)  loam,  dark 

grayish  brown  (2.5Y  4/2)  loam,  dark  grayish  brown  (2.5Y 
4/2)  moist;  moderate,  coarse  platy  structure;  slightly 
hard,  friable,  nonsticky  and  slightly  plastic;  many  fine 
and  a  few  coarse  roots;  clear  smooth  boundary. 

B21   —  2  to  5  inches,  grayish  brown  (2.5Y  5/2)  heavy  loam,  olive 
brown  (2.5Y  4/3)  moist;  moderate,  coarse  and  medium 
prismatic  structure  parting  to  moderate  coarse  blocks; 
hard,  friable,  sticky  and  plastic;  a  few  fine  roots  and 
pores;  clear  wavy  boundary. 

B22   —  5  to  10  inches,  light  yellowish  brown  (2.5Y  6/3)  heavy 

loam,  light  olive  brown  (2.5Y  5/3)  moist;  moderate  coarse 
prismatic  structure  parting  to  moderate  coarse  blocks; 
hard,  friable,  slightly  sticky  and  slightly  plastic; 
stongly  effervescent;  a  few  fine,  soft  masses  of  lime; 
gradual  wavy  boundary. 

Clca  —  10  to  17  inches,  pale  olive  (5Y  6/3)  heavy  loam,  olive 

(5Y  5/3)  moist;   weak,  coarse  prismatic  structure;  hard, 
friable,  sticky  and  plastic;  strongly  effervescent;  a  few 
fine  and  medium  soft  masses  of  lime;  many  fine  and  a  few 
medium  pores;  gradual  wavy  boundary. 

C2ca  —  17  to  24  inches,  pale  yellow  (5Y  7/3)  heavy  loam,  pale 

olive  (5Y  6/3)  moist;  hard,  friable,  sticky  and  plastic; 
massive;  hard,  friable,  sticky  and  plastic;  strongly 
effervescent;  a  few  fine  and  medium  soft  masses  of  lime; 
a  few  fine  roots;  many  fine  and  a  few  medium  pores; 
diffuse  boundary. 
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C3    —  24  to  63  inches,  pale  "yellow  (5Y  7/3)  loam,  pale  olive 
(5Y  6/3)  moist;   massive;  slightly  hard,  friable, 
slightly  sticky  and  plastic;  strongly  effervescent;  a  few 
fine  soft  masses  of  lime;  a  few  fine  roots;  common  fine 
pores . 

The  texture  of  the  surface  layer  is  loam  or  silty  clay  loam. 
Coarse  fragments  in  the  soil  range  from  0  to  15  percent. 
Soil-color  hue  is  10YR  through  5Y.   The  Al-horizon-color  range  is 
grayish  brown  and  light  brownish  gray.   The  B2-horizon-color 
range  is  grayish  brown,  light  yellowish  brown,  light  brownish 
gray  and  pale  brown.   The  Cca-horizon-color  range  is  pale  yellow, 
light  yellowish  brown  and  pale  olive. 

McRae  soils  are  associated  with  Fort  Collins,  Thurlow,  and 
Thedalund  soils.   They  lack  the  B2t  horizon  of  the  Fort  Collins 
and  Thurlow  soils.   They  lack  the  shale  bedrock  of  the  Thedalund 
soils. 


McRae  loam,  1  to  4  percent  slopes  (Mr) . 

This  soil  is  in  10  to  25-acre  areas  on  fans  and  footslopes 
in  the  river  and  intermittent  stream  valleys.   The  soil  profile 
is  similar  to  the  typical  one  described  for  the  series.   Included 
in  the  mapping  were  areas  with  silt  loam  surface.   Surface  runoff 
is  medium  and  the  erosion  hazard  is  moderate.   This  soil  is 
suited  to  irrigated  and  dryland  crops,  hayland,  and  range. 

(Capability  Unit  IIIe-3  Dryland;  IIe-1  Irrigated;  Silty 
range  site  10-14-inch  precipitation  zone;  Windbreak  Suitability 
Group  1.) 


McRae  loam,  4  to  8  percent  slopes  (Ms) . 

This  soil  is  on  footslopes  and  fans  in  intermittent  and 
perennial  stream  valleys.   The  areas  range  in  size  from  15  to  50 
acres  and  in  places  they  are  dissected  by  short  gullies.   Slope 
gradient  increases  from  4  percent  at  the  valley  bottom  to  10  or 
12  percent  immediately  below  the  residual  soils  that  border  the 
valleys.   The  soil  profile  is  the  typical  one  described  for  the 
series.   A  few  surface  gravels  are  present  where  gravel  terraces 
border  the  valleys.   Included  in  the  mapping  were  areas  with  a 
silt  loam  surface.   Surface  runoff  is  medium,  and  the  erosion 
hazard  is  moderate.   Most  areas  receive  runoff  moisture  from 
soils  that  lie  above  them.   This  soil  is  suited  to  irrigated  and 
dryland  crops,  hayland,  and  range.   Moisture  conservation  and 
erosion  control  are  important  problems  in  managing  this  soil. 

(Capability  Unit  IIIe-3  Dryland;  IIIe-1  Irrigated;  Silty 
range  site  10-14-inch  precipitation  zone;  Windbreak  Suitability 
Group  1.) 
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Midway  Series 

The  Midway  series  consists  of  shallow,  sloping  to  steep  and 
undulating  to  hilly,  well-drained  soils  on  sedimentary  plains. 
Slopes  range  from  2  to  35  percent.   They  formed  in  place  in 
materials  weathered  from  silty  clay  loam  and  silty  clay  shales  at 
elevations  of  3000  to  4000  feet. 

The  vegetation  is  sideoats  grama,  green  needlegrass ,  big 
sage,  skunkbush  sumac,  western  wheatgrass,  and  broom  snakeweed. 
Annual  precipitation  is  12  to  14  inches;  the  mean-annual-soil 
temperature  is  47  to  49  degrees  F. ;  and  the  frost-free  period  is 
105  to  115  days. 

Typically  the  surface  layer  is  light  olive  gray  silty  clay 
loam  underlain  by  shale  at  about  11  inches.   Shale  chips  make  up 
30  percent  of  the  volume  in  the  lower  substratum.   Permeability 
is  slow  and  the  effective-rooting  depth  is  about  15  inches. 
Available-water-holding  capacity  is  very  low.   These  soils  are 
used  for  range.   Small  areas  are  used  for  dry  cropland. 

A  typical  soil  profile  of  Midway  silty  clay  loam  on 
grassland  is,  as  follows: 

A  —  0  to  2  inches,  light  olive  gray  (5Y  6/2)  light  silty  clay 
loam,  olive  gray  (5Y  5/2)  strong,  very  fine  granular 
structure;  hard,  friable,  sticky  and  plastic;  common,  fine 
roots;  slightly  effervescent;  clear  smooth  boundary. 

CI  —  2  to  5  inches,  olive  gray  (5Y  5/2)  silty  clay  loam  olive 

gray  (5Y  4/2)  moist;  moderate,  thin  platy  structure;  hard, 
firm,  very  sticky  and  plastic;   many  fine  and  microroots; 
many  micropores;  strongly  effervescent;  gradual  wavy 
boundary. 

C2  —  5  to  11  inches,  olive  gray  (5Y  5/2)  silty  clay  loam,  olive 
gray  (5Y  4/2)  moist;  weak,  coarse  blocky  structure;  hard, 
firm,  very  sticky  and  very  plastic;   30  percent  of  volume 
is  fine,  partly-weathered,  shale  chips;  common  fine  roots; 
common,  fine  and  micropores;  strongly  effervescent;  diffuse 
wavy  boundary. 

C3  —  11  to  14  inches,  platy  shale  containing  root  mats  between 
horizontal  fractures. 

Depth  to  the  shale  beds  ranges  from  6  to  20  inches.   Clay 
content  throughout  the  soil  ranges  from  35  to  45  percent.   The 
soil-color  hue  is  2.5Y  or  5Y.   Texture  of  the  Al  horizon  is  silty 
clay  loam,  clay  loam,  or  clay.   The  color  range  is  light  olive 
brown,  light  olive  gray,  and  light  brownish  gray.   Volume  of 
shale  chips  in  the  C  horizon  ranges  from  5  to  35  percent. 

Midway  soils  are  associated  with  Thedalund,  Lismas, 
Renohill,  and  Thurlow  soils.   They  contain  more  clay  than  the 
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Thedalund  soils  and  less  clay-=than  the  Lismas  soils.   They  have 
less  depth  to  shale  than  the  Renohill  soils,  and  they  lack  the 
B2t  horizon  of  the  deep  Thurlow  soils. 


Midway  silty  clay  loam,  undulating,  2  to  8  percent  slopes  (Mu) . 

This  soil  is  in  narrow,  irregular  areas  on  smooth  ridges 
between  intermittent  stream  valleys.   Slopes  range  in  length 
between  100  and  250  feet.   Slopes  are  mainly  5  to  8  percent  but 
range  downward  to  2  percent.   The  soil  profile  is  similar  to  the 
typical  one  described  for  the  series.   Included  with  this  soil  in 
mapping  were  areas  of  Renohill  silty  clay  loam  in  the  heads  of 
drainageways  and  spots  having  concave,  2  to  4  percent  slopes.   A 
few  spots  with  a  gravelly  silty  clay  loam  surface  are  also 
included.   Surface  runoff  is  medium  and  the  erosion  hazard  is 
moderate.   This  soil  is  suited  to  dry  cropland,  pastures,  and 
range.   Moisture  conservation  is  an  important  practice  in 
managing  the  cultivated  soil. 

(Capability  Unit  IVe-3  Dryland;  Clayey  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Croup  3M. ) 


Midway  silty  clay  loam,  rolling,  8  to  15  percent  slopes  (MVa) . 

This  soil  is  on  the  drainage  divides  between  major  valleys. 
The  areas  consist  of  ridges  and  hills  that  separate  the  short 
tributary  drainageways  to  the  main  valley.   Where  total  relief  is 
under  150  feet  the  soil  extends  from  the  valley  floor  to  the  top 
of  the  drainage  divide.   Where  relief  is  greater  than  150  feet, 
this  soil  lies  above  steeper  Midway  soils.   The  soil  profile  is 
similar  to  the  typical  one  described  for  the  series.   Included 
with  this  soil  in  mapping  were  small  areas  of  Heldt,  Lohmiller, 
and  McRae  soils.   These  soils  are  in  drainageways  and  on  the 
narrow  footslopes  of  the  main  valleys.   Also  included  on  the 
ridge  crests  were  areas  of  Thedalund  loam  and  Nelson  sandy  loam. 
The  surface  runoff  is  rapid  and  the  erosion  hazard  is  severe. 
This  soil  is  suited  for  range. 

(Capability  Unit  VIe-1  Dryland;  Clayey  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  3M.) 


Midway-Thedalund  complex,  rolling,  8  to  15  percent  slopes  (MVe) . 

This  complex  comprises  rolling  soils  of  the  sedimentary 
plains.   About  55  percent  is  Midway  silty  clay  loam,  about  30 
percent  is  Thedalund  loam,  and  about  15  percent  is  Thurlow  and 
Heldt  silty  clay  loams.   The  Midway  and  Thedalund  soils  occupy  no 
predictable  place  on  the  landscape  but  the  Thurlow  and  Heldt 
soils  are  on  the  footslopes  in  the  wide  valleys  and  drainageways. 
The  Midway  and  Thedalund  soils  in  this  complex  have  profiles 
similar  to  those  for  their  respective  series.   Surface  runoff  is 
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rapid  and  the  erosion  hazard  is  severe.   This  complex  is  suited 
to  range. 

(Capability  Unit  VIe-1  Dryland;  Clayey  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  3M.) 


Hidway-Thedalund  complex,  hilly,  8  to  35  percent  slopes  (MVf ) . 

This  complex  comprises  hilly  soils  of  the  sedimentary 
plains.   Slopes  are  mainly  15  to  35  percent  but  range  downward  to 
8  percent.   Midway  silty  clay  loam  makes  up  about  60  percent  of 
the  complex,  Thedalund  loam  is  about  25  percent,  and  shale  and 
rock  outcrop  are  about  15  percent.   The  soils  occupy  no 
predictable  place  on  the  land.   The  shale  outcrop  is  mostly  on 
the  south  and  west  faces  of  the  ridges  and  hills  or  along  the 
rims  of  the  deep  valleys.   The  shale  outcrops  may  include 
sandstone  ledges  5  to  30  feet  thick.   Slopes  are  8  to  10  percent 
on  the  ridge  tops,  15  to  35  percent  on  the  valley  sides,  and  35 
percent  or  more  on  the  shale  outcrops.   North  and  east  slopes  may 
have  10  to  40  percent  canopy  of  ponderosa  pine  and  juniper.   The 
Midway  and  Thedalund  soils  in  this  complex  have  profiles  similar 
to  those  described  for  their  respective  series.   Mapped  with 
these  soils  on  the  ridges  were  areas  of  Cushman  loam  and  Renohill 
silty  clay  loam.   Narrow  footslopes  of  Thurlow  silty  clay  loam 
were  included  in  the  wide  valleys.   Runoff  is  rapid  and  the 
erosion  hazard  is  severe.   Runoff  from  the  shale  areas  carries 
large  amounts  of  sediment.   This  complex  is  used  for  range  and 
game  range. 

(Capability  Unit  VIe-1  Dryland;  Thin  Hill  range  site 
10-14-inch  precipitation  zone;  Windbreak  Suitability  Group  4.) 


Shale  outcrop-Midway  complex,  25  to  90  percent  slopes  (SOc) . 

This  complex  is  on  deeply  dissected,  clay-shale  highlands 
with  50  to  200  feet  of  relief.   Areas  occur  as  single,  nearly 
perpendicular  escarpments  along  a  valley  or  a  number  of  closely 
spaced,  narrow  ridges  and  drainageways  at  the  head  of  valley. 
Single,  escarpment  areas  include  one  or  two  5  to  7-foot  thick 
sandstone  ledges  mixed  with  shale.   The  complex  consists  of  35  to 
70  percent  shale  outcrop  and  25  to  65  percent  Midway  silty  clay 
loam.   The  Midway  silty  clay  loam  is  on  ridgetops  at  heads  of 
drainageways  and  on  the  lower  one-third  of  the  escarpment.   The 
Midway  soil  has  a  profile  similar  to  the  typical  one  described 
for  the  series.   Surface  runoff  is  rapid.   The  erosion  hazard  is 
severe.   Erosion  is  active.   Runoff  water  carries  a  large  amount 
of  sediment.   This  complex  is  suited  to  range. 

(Capability  Unit  Vile  Dryland;  Shale  range  site 
10-14-precipitation  zone;  Windbreak  Suitability  Group  4.) 
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Nelson  Series 

The  Nelson  series  consists  of  moderately  deep,  undulating 
and  rolling,  well-drained  soils  on  hills  and  ridges  of 
sedimentary  plains.   Slopes  are  mainly  4  to  15  percent  but  range 
downward  to  2  percent  and  upward  to  20  percent.   They  are  formed 
from  calcareous,  weakly  consolidated  sandstones  at  elevations  of 
3000  to  3800  feet. 

The  vegetation  is  mainly  prairie  sandreed,  dryland  sedges, 
silver  sage,  green  sagewort,  yucca,  and  bluebunch  wheatgrass. 
Annual  precipitation  is  13  to  14  inches;  mean-annual-soil 
temperature  is  48  to  50  degrees  F. ;  and  the  frost-free  period  is 
115  to  125  days. 

Typically  the  surface  layer  is  light  olive  brown  and  grayish 
brown  fine  sandy  loam  about  5  inches  thick.   The  underlying 
material  is  light  olive  brown,  light  yellowish  brown  grading  to 
pale  yellow  sandy  loam  resting  on  sandstone  at  about  29  inches. 
Permeability  is  moderately  rapid  and  the  effective-rooting  depth 
is  about  30  inches.   Available-water-holding  capacity  is  low. 
These  soils  are  used  for  range. 

A  typical  profile  of  Nelson  fine  sandy  loam  on  grassland  is, 
as  follows: 

A  —  0  to  3  inches,  light  olive  brown  (2.5Y  5/3)  fine  sandy 
loam,  dark  grayish  brown  (2.5Y  4/2)  moist;  single  grain 
structure  breaking  from  a  weak  crust;  soft,  very  friable, 
nonsticky  and  slightly  plastic;  clear  smooth  boundary. 

AC  —  3  to  5  inches,  grayish  brown  (2.5Y  5/2)  fine  sandy  loam, 

dark  grayish  brown  (2.5Y  4/2)  moist;  weak  coarse  prismatic 
structure;  soft,  very  friable, 

CI  —  5  to  16  inches,  light  olive  brown  (2.5Y  5/3)  sandy  loam, 

dark  grayish  brown  (2.5Y  4/2)  moist;  weak  coarse  prismatic 
structure;  slightly  hard,  very  friable,  nonsticky  and 
slightly  plastic;  slightly  effervescent;  diffuse  boundary. 

C2  —  16  to  21  inches,  light  yellowish  brown  (2.5Y  6/3)  sandy 

loam,  light  olive  brown  (2.5Y  5/3)  moist;  massive;  slightly 
hard;  friable,  nonsticky  and  slightly  plastic;  strongly 
effervescent;  diffuse  boundary. 

C3  —  21  to  29  inches,  pale  yellow  (5Y  7/3)  sandy  loam,  pale 

olive  (5Y  6/3)  moist;  massive  with  some  evidence  of  plates 
of  the  rock  structure;  slightly  hard,  friable,  nonsticky 
and  slightly  plastic;  strongly  effervescent;  clear  wavy 
boundary. 

C4  —  29  to  44  inches,  pale  yellow  ( 5Y  7/3)  sandstone,  (5Y  6/3) 
moist;  banded  soft  sandstone;  strongly  effervescent. 
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Depth  to  the  calcareous  soil  ranges  from  0  to  6  inches. 
Depth  to  sandstone  and  loam  shale  ranges  from  20  to  40  inches. 
Content  of  coarse  fragments  ranges  from  0  to  15  percent.   Color 
hue  is  2.5Y  or  10YR  in  the  surface  and  upper  part  of  the 
underlying  material.   The  lower  part  of  the  underlying  material 
has  hue  of  2.5Y  or  5Y. 

Nelson  soils  are  associated  with  Alice,  Tullock,  and 
Thedalund  soils.   They  have  lighter-colored  surfaces  and  bedrock 
at  shallower  depths  than  the  Alice  soils.   They  have  more  clay 
than  the  Tullock  soils  and  are  more  sandy  than  the  Thedalund 
soils . 


Nelson-Alice  fine  sandy  loams,  rolling,  8  to  20  percent  slopes  (Ne) 

This  complex  comprises  rolling  soils  on  sedimentary  plains. 
Slopes  are  mainly  8  to  15  percent  but  range  upward  to  20  percent. 
The  complex  consists  of  40  to  60  percent  Nelson  fine  sandy  loam, 
30  to  45  percent  Alice  fine  sandy  loam,  and  10  percent 
Travessilla  sandy  loam  and  rock  outcrop.   The  Nelson  soils  are  on 
crests  and  upper  sides  of  ridges  and  knolls.   The  Alice  soils  are 
on  the  narrow  sides  and  in  the  heads  of  the  drainageways  and  on 
footslopes  below  the  Nelson  soils.   The  Travessilla  soils  are 
around  the  rock  outcrops.   The  Nelson  and  Alice  soils  in  this 
complex  have  profiles  similar  to  those  described  for  their 
respective  series.   Surface  runoff  is  medium  and  the  erosion 
hazard  is  severe.   This  complex  is  suited  to  range. 

(Capability  Unit  IVe-3  Dryland;  Sandy  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  3M.) 
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Thedalund  Series 

The  Thedalund  series  consists  of  moderately  deep,  undulating 
to  very  steep,  well-drained  soils  on  sedimentary  plains.   Slopes 
range  from  4  to  90  percent.   They  formed  in  materials  weathered 
in  place  from  shale  at  elevations  of  2800  to  3800  feet. 

Vegetation  is  mainly  western  wheatgrass,  needle-and-thread, 
sideoats  grama,  dryland  sedges,  and  big  sagebrush.   Annual 
precipitation  is  12  to  14  inches;  mean-annual-soil  temperature  is 
48  to  50  degrees  F. ;  and  the  frost-free  period  is  105  to  125 
days . 

Typically  the  surface  layer  is  grayish  brown  loam  about  2 
inches  thick.   The  underlying  material  is  olive  brown,  light 
yellowish  brown,  and  light  gray  loam  resting  on  loam  shale  at 
about  28  inches.   A  few  shale  and  sandstone  fragments  occur  below 
20  inches.   Permeability  is  moderate  and  the  effective-rooting 
depth  is  about  28  inches.   The  available-water-holding  capacity 
is  low  or  moderate.   These  soils  are  used  for  range.   Small  areas 
included  with  deeper  soils  are  in  dry  cropland. 

A  typical  profile  of  Thedalund  loam  on  grassland  is,  as 
follows : 

A  —  0  to  2  inches,  grayish  brown  (2.5Y  5/2)  loam,  dark  grayish 
brown  (2.5Y  4/2)  moist;  weak,  coarse  crumb  structure; 
slightly  hard,  very  friable,  slightly  sticky  and  slightly 
plastic;  slightly  effervescent;  common  very  fine  roots; 
clear  smooth  boundary. 

CI  —  2  to  8  inches,  light  olive  brown  (2.5Y  5/3)  heavy  loam, 
olive  brown  (2.5Y  4/3)  moist;  weak,  coarse  prismatic 
structure;  hard,  friable,  slightly  sticky  and  slightly 
plastic;  slightly  effervescent;  a  few  fine  threads  and  soft 
masses  of  lime;  many  very  fine  pores;  common  very  fine 
roots;  gradual  wavy  boundary. 

C2  —  8  to  14  inches,  light  yellowish  brown  (2.5Y  6/3)  heavy 

loam,  olive  brown  (2.5Y  4/3)  moist;  weak,  coarse  prismatic 
structure;  hard,  friable,  slightly  sticky  and  plastic; 
strongly  effervescent;  a  few  fine  soft  masses  of  lime; 
common  very  fine  pores  and  roots;  gradual  wavy  boundary. 

C3  —  14  to  22  inches,  light  yellowish  brown  (2.5Y  6/3)  loam, 

light  olive  brown  (2.5Y  5/3)  moist;  massive;  slightly  hard, 
friable,  slightly  sticky  and  plastic;  strongly 
effervescent;  common,  fine,  soft  masses  of  lime;  a  few  very 
fine  roots;  common  very  fine  pores;  gradual  wavy  boundary. 

C4  —  22  to  28  inches,  light  gray  (5Y  7/2)  loam,  olive  ( 5Y  5/3) 
moist;  very  weak,  coarse  platy  structure;  slightly  hard, 
friable,  sticky  and  plastic;  a  few  shale  and  sandstone 
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chips;  strongly  effervescent;  common,  medium  soft  masses  of 
lime;  a  few  very  fine  roots;  common  very  fine  pores; 
diffuse  boundary. 

C5  —  28  to  37  inches,  platy  loam  shale,  hard  when  dry;  a  few 
very  fine  roots. 

The  10- to  40-inch  section  is  loam  or  light  clay  loam  with 
the  clay  content  ranging  from  18  to  30  percent.   Content  of 
coarse  fragments  range  from  0  to  20  percent.   The  A  and  upper  C 
horizons  have  hues  of  2.5Y  and  10YR.   The  lower  C  horizon  has  hue 
of  2.5Y  and  5Y.   Color  range  in  the  A  horizon  is  grayish  brown, 
brown,  and  dark  grayish  brown.   The  lower  C  horizon  has  a  color 
range  of  light  olive  brown,  light  yellowish  brown,  and  pale 
olive. 

Thedalund  soils  are  associated  with  Midway,  Cushman,  and 
McRae  soils.   They  contain  less  clay  and  have  greater  depth  to 
shale  than  the  Midway  soils.   They  lack  the  B2t  horizon  of  the 
Cushman  soils  and  have  less  depth  to  bedrock  than  the  McRae 
soils. 


Thedalund-McRae  loams,  dissected,  4  to  35  percent  slopes  (THd) . 

This  complex  comprises  undulating  to  steep  soils  of  the 
sedimentary  plains.   Thedalund  loam  makes  up  40  to  65  percent  of 
the  complex;  McRae  loam  is  about  30  to  50  percent;  and  Kim  loam 
is  5  to  15  percent.   The  Thedalund  loam  is  in  2  to  10-acre 
patches  on  the  shale  knolls  and  ridges  where  slopes  are  8  to  25 
percent.   The  McRae  loam  is  on  the  fans  and  footslopes 
surrounding  or  lying  between  the  Thedalund  soils.   Narrow  gullies 
and  coulees  that  are  5  to  15  feet  deep  have  Kim  loam  on  the  sides 
and  edges.  Slopes  are  20  to  35  percent.   The  Thedalund  and  McRae 
soils  in  this  complex  have  profiles  similar  to  those  described 
for  their  respective  series.   Surface  runoff  is  rapid  and  the 
erosion  hazard  is  severe.   Most  areas  receive  runoff  from  the 
highlands  that  border  them.   This  complex  is  suited  to  range. 

(Capability  Unit  TVe-3  Dryland;  Silty  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  2M.) 


Thedalund-Midway  complex,  rolling,  8  to  15  percent  slopes  (THe) ♦ 

This  complex  comprises  rolling  soils  of  the  sedimentary 
plains.   Thedalund  loam  makes  up  40  to  70  percent  of  the  complex; 
Midway  silty  clay  loam  is  20  to  40  percent;  and  McRae  loam  is  10 
to  20  percent.   The  Thedalund  and  Midway  soils  lie  in  no 
predictable  pattern  on  the  hills  and  ridges.   The  McRae  loam  lies 
in  the  shallow  heads  of  drainageways .   The  Thedalund  and  Midway 
soils  in  this  complex  have  profiles  similar  to  those  described 
for  their  respective  series.   The  surface  runoff  is  medium  and 
the  erosion  hazard  is  moderate.   This  complex  is  suited  to  range. 
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(Capability  Unit  IVe-3  Dryland;  Silty  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  3M.) 


Thedalund-Rock  outcrop  complex,  hilly,  15  to  35  percent  slopes  (THg) 

This  complex  comprises  hilly  soils  of  the  sedimentary 
plains.   The  complex  consists  of  40  to  70  percent  Thedalund  loam, 
10  to  30  percent  Thedalund  loam,  10  to  30  percent  Midway  silty 
clay  loam,  and  10  to  20  percent  rock  and  loam,  10  to  30  percent 
Midway  silty  clay  loam,  10  to  20  percent  rock  and  shale  outcrop, 
and  5  to  15  percent  McRae  loam.   The  Thedalund  loam  and  Midway 
silty  clay  loam  occur  in  no  predictable  pattern  on  the  land  but 
the  Midway  soil  is  usually  around  the  shale  outcrops  on  the  hills 
and  valley  sides  having  25  to  35  percent  slopes.   The  McRae  soil 
is  in  1  to  5-acre  patches  in  the  wide  valleys.   The  Thedalund  and 
Midway  soils  in  this  complex  have  profiles  similar  to  those 
described  for  their  respective  series.   The  surface  runoff  is 
rapid  and  the  erosion  hazard  is  severe.   Runoff  water  carries  a 
moderate  amount  of  sediment.   This  complex  is  suited  to  range  and 
game  range. 

The  timbered  areas  in  this  complex  are  mainly  in  deep, 
narrow  valleys  and  north-facing  hillsides.   The  principal  tree 
species  are  ponderosa  pine  and  Rocky  Mountain  juniper.   The 
average  site  index  for  the  ponderosa  pine  is  about  <S5.   The 
stands  are  generally  open  with  only  isolated  areas  being 
overstocked.   Timber  harvest  is  limited  to  scattered  areas  that 
are  overstocked.   Most  areas  are  accessible  for  logging  and  fire 
control . 

(Capability  Unit  VIe-1  Dryland;  Thin  Hilly  range  site 
ilO-14-inch  precipitation  zone;  Windbreak  Suitability  Croup  4.) 


Thedalund-Travessilla  loams,  rolling,  2  to  15  percent  slopes  (THk) 

This  complex  comprises  rolling  soils  of  the  sedimentary 
plains.   Slopes  are  mainly  8  to  15  percent  but  range  downward  to 
2  percent.   The  complex  consists  of  about  40  percent  Thedalund 
loam,  about  25  percent  Cushman  loam,  about  20  percent  Travessilla 
channery  loam,  and  about  15  percent  Hydro  loam.   The  Thedalund 
loam  and  Travessilla  channery  loam  are  on  narrow  ridges,  on  the 
crests  of  surface  undulations  and  along  the  valley  rim.   Some 
bare  rock  outcrop  and  surface  channers  mark  the  Travessilla 
soils.   The  Cushman  loam,  which  is  on  slopes  of  4  to  5  percent, 
is  on  the  side  slopes  of  the  ridges  and  the  surface  undulations 
and  in  the  drainageways .   The  Hydro  loam,  which  is  on  2  percent 
slopes,  is  in  the  swales  and  troughs  of  the  surface  undulations 
where  runoff  water  collects.   The  Thedalund,  Cushman,  and 
Travessilla  soils  in  this  complex  have  profiles  similar  to  those 
described  for  their  respective  series.   Included  with  these  soils 
in  mapping  were  1/2  to  2-acre  patches  of  Midway  silty  clay  loam 
and  Nelson  sandy  loam.   Surface  runoff  is  medium  and  the  erosion 
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hazard  is  moderate.   This  complex  is  suited  to  range. 

(Capability  Unit  Vis  Dryland;  Silty  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  C-roup  3M.) 


Thedalund-Wibaux  loams,  undulating,  4  to  8  percent  slopes  (THl)  . 

This  complex  comprises  undulating  soils  of  the  sedimentary 
plains.   About  45  percent  is  Thedalund  loam,  about  40  percent  is 
Wibaux  channery  loam,  and  about  15  percent  is  Travessilla  loam, 
Spearman  loam,  and  Hydro  loam.   The  Thedalund  and  Wibaux  soils 
lie  in  a  random  pattern  on  all  slopes  in  patches  of  less  than  40 
acres.   The  red  color  and  the  surface  channers  or  porcelanite 
boulders  mark  the  Wibaux  soils.   The  Hydro  soils  are  in  the 
troughs  between  low  ridges  where  surface  water  collects.   The 
soils  have  profiles  similar  to  those  described  as  typical  for 
their  respective  series.   The  surface  runoff  is  medium  and  the 
erosion  hazard  is  moderate.   This  complex  is  suited  to  range. 

(Capability  Unit  VIs-1  Dryland;  Silty  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  3M.) 


Thedalund-Wibaux  complex,  rolling,  8  to  15  percent  slopes  (THm) . 

This  complex  comprises  rolling  soils  of  the  sedimentary 
plains.   The  complex  consists  of  55  to  70  percent  Thedalund  loam, 
20  to  35  percent  Wibaux  channery  loam,  and  5  to  15  percent  McRae 
loam.   The  main  soils  have  no  fixed  position  on  the  land  but  the 
Wibaux  soil  is  above  any  red-shale  outcrops  on  the  hillsides.   In 
the  wide  valleys  there  is  a  band  of  Wibaux  soils  at  the  base  of 
the  bordering  highlands.   The  McRae  loam  is  in  the  main 
drainageways .   The  Thedalund  and  Wibaux  soils  in  this  complex 
have  profiles  similar  to  those  described  as  typical  for  their 
respective  series.   Surface  runoff  is  medium  and  the  erosion 
hazard  is  moderate.   This  complex  is  suited  to  range. 

(Capability  Unit  VIe-1  Dryland;  Silty  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  3M.) 
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Thurlow  Series 

The  Turlow  series  consists  of  deep,  nearly  level  to 
moderately  steep  and  rolling,  well-drained  soils  on  fans, 
terraces,  and  footslopes  in  river  and  intermittent  stream 
valleys.   Slopes  range  from  0  to  15  percent.   They  formed  in 
calcareous  alluvium  from  mixed  shale  and  sandstone  at  elevations 
of  2800  to  3600  feet. 

Vegetation  is  mainly  western  wheatgrass,  hlue  grama,  green 
needlegrass,  and  big  sage.   Annual  precipitation  is  12  to  14 
inches;  mean-annual-soil  temperature  is  48  to  50  degrees  F. ;  and 
the  frost-free  period  is  110  to  125  days. 

Typically  the  surface  layer  is  dark  grayish  brown  silt  loam 
about  2  inches  thick.   The  subsoil  is  grayish  brown,  light  olive 
brown,  and  pale  olive  heavy  silty  clay  loam  and  silty  clay  about 
18  inches  thick.   The  substratum  is  light  olive  gray  silty  clay 
loam  to  60  or  more  inches.   Permeability  is  moderately  slow  and 
the  effective-rooting  depth  is  60  or  more  inches. 
Available-water-holding  capacity  is  high.   These  soils  are  used 
for  irrigated  and  dry  cropland  and  for  range. 

A  typical  profile  of  Thurlow  silty  clay  loam  on  grassland 
is,  as  follows: 

A    —  0  to  2  inches,  dark  grayish  brown   (2.5Y  4/2)  silt  loam, 
very  dark  grayish  brown  (2.5Y  3/2)  moist;  weak,  very  thin 
platy  structure;  soft,  friable,  slightly  sticky  and 
slightly  plastic;  many  micro  and  fine  roots;  clear  smooth 
boundary. 

Bl    —  2  to  4  inches,  grayish  brown  (2.5Y  5/2)  silty  clay  loam, 
dark  grayish  brown  (2.5Y  4/2)  moist;  weak,  medium 
prismatic  structure;  hard,  firm,  sticky  and  plastic; 
common  micro  and  very  fine  roots;  common  fine  pores; 
clear  smooth  boundary. 

B21t  —  4  to  9  inches,  light  olive  brown  (2.5Y  4/2)  silty  clay, 
dark  grayish  brown  (2.5Y  4/2)  moist;  strong,  medium 
prismatic  structure  parting  to  moderate,  medium  blocks; 
very  hard,  firm,  very  sticky  and  very  plastic;  common 
fine  and  microroots  and  pores;  patches  of  moderately 
thick  clay  films  on  ped  surfaces;   clear  smooth  boundary. 

B22t  —  9  to  13  inches,  light  olive  brown  (2.5Y  5/3)  heavy  silty 
clay  loam,  olive  brown  2.5Y  4.3)  moist;  strong  medium 
prismatic  structure  parting  to  moderate,  medium  blocks; 
very  hard,  firm,  very  sticky  and  very  plastic;  common 
very  fine  roots;  many  micro  and  fine  pores;  patches  of 
thin  clay  films  on  ped  surfaces;  clear  wavy  boundary. 
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B3    —  13  to  20  inches,  pale  olive  (5Y  6/3)  heavy  silty  clay 

loam,  olive  (5Y  5/3)  moist;  moderate,  coarse  and  medium 
blocks;  very  hard,  firm,  very  sticky  and  very  plastic; 
common  very  fine  roots;  many  very  fine  and  micropores; 
slightly  effervescent;  gradual  wavy  boundary. 

Clca  —  20  to  26  inches,  light  olive  gray  (5Y  6/2)  silty  clay 
loam,  olive  (5Y  5/3)  moist;  moderate,  coarse  blocky 
structure;  very  hard,  firm,  sticky  and  plastic;  a  few 
very  fine  roots;  many  very  fine  and  micropores;  strongly 
effervescent;  common,  distinct  soft  masses  of  lime; 
gradual  wavy  boundary. 

C2   —  26  to  38  inches,  light  olive  gray  (5Y  6/2)  silty  clay 
loam,  olive  (5Y  5/3)  moist;  weak,  medium  blocky 
structure;  very  hard,  friable,  sticky  and  plastic;  a  few 
very  fine  roots  and  common,  fine  pores;  strongly 
effervescent;   a  few  fine  threads  and  soft  masses  of 
lime;  gradual  wavy  boundary. 

C3    —  38  to  49  inches,  light  olive  gray  (5Y  6/2)  light  silty 

clay  loam,  olive  (5Y  5/3)  moist;  massive;  hard,  friable, 
sticky  and  plastic;  strongly  effervescent;  a  few  medium 
and  fine,  soft  masses  of  lime;  diffuse  wavy  boundary. 

C4    —  49  to  61  inches,  light  olive  gray  (5Y  6/2)  heavy  silt 
loam,  olive  (5Y  5/3)  moist;  massive,  hard,  slightly 
sticky  and  plastic;  strongly  effervescent. 

The  noncalcareous  part  of  the  solum  is  10  to  16  inches 
thick.   Hue  is  10YR  through  5Y.   The  Al  horizon  is  silt  loam  or 
loam.   The  Ap  horizon  is  silty  clay  loam  or  clay  loam.   Color 
range  is  grayish  brown  and  light  brownish  gray.   The  B2t  horizon 
contains  35  to  45  percent  clay.   Color  range  is  grayish  brown, 
light  yellowish  brown  and  brown.   The  Cca  horizon  has  color  range 
of  light  gray,  pale  yellow,  light  olive  gray,  and  pale  olive. 

Thurlow  soils  are  associated  with  Midway,  Hydro,  McRae,  and 
Fort  Collins  soils.   They  contain  more  clay  than  the  Fort  Collins 
soils.   They  have  a  B2t  horizon  not  present  in  the  McRae  soils. 
They  lack  the  shale  bedrock  of  the  Midway  soils.   They  differ 
from  the  Hydro  soils  in  having  an  A  &  B  or  B  &  A  horizons. 


Thurlow  silty  clay  loam,  1  to  4  percent  slopes  (Tm) . 

This  soil  is  on  fans  and  terraces  in  river  and  intermittent 
stream  valleys.   Slopes  are  mainly  1  to  2  percent  on  the  terraces 
and  3  to  4  percent  on  the  fans  in  intermittent  stream  valleys. 
The  soil  has  a  profile  similar  to  the  typical  one  described  for 
the  series.   Surface  runoff  is  slow  and  the  erosion  hazard  is 
slight.   This  soil  is  suited  to  irrigated  and  dryland  crops, 
hayland,  and  range. 
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(Capability  Unit  IIIe-3  Dryland;  IIe-1  Irrigated;  Clayey 
range  site  10-14-inch  precipitation  zone;  Windbreak  Suitability 
Group  1.) 


Thurlow  silty  clay  loam,  4  to  8  percent  slopes  (Tn) . 

This  soil  is  on  footslopes  and  fans  and  at  the  heads  of 
tributary  drainageways  of  intermittent  stream  valleys.   Slope 
length  ranges  from  200  to  600  feet.   Shallow  drainageways  are 
included  in  the  footslopes.   The  soil  profile  is  the  typical  one 
described  for  the  series.   Included  with  this  soil  in  mapping 
were  areas  of  Heldt  silty  clay  loam  on  the  upper  sides  of  the 
footslopes.   Some  map  areas  have  15  to  2^1  percent  Midway  silty 
clay  loam.   These  occur  as  2  to  4-acre  knolls  rising  10  to  15 
feet  above  the  surrounding  Thurlow  soil.   Slopes  range  to  15 
percent  but  are  generally  smooth  enough  to  cross  with  tillage 
implements.   The  surface  runoff  is  medium  and  the  erosion  hazard 
is  moderate.   This  soil  is  suitable  for  irrigated  and  dryland 
corps,  hay  and  range. 

(Capability  Unit  IIIe-3  Dryland;  IIIe-1  Irrigated;  Clayey 
range  site  10-14-inch  precipitation  zone;  Windbreak  Suitability 
Group  1 . ) 


Thurlow-Midway  silty  clay  loams,  4  to  15  percent  slopes  (To). 

This  complex  comprises  sloping  and  moderately  steep  soils  in 
wide,  intermittent  stream  valleys  and  below  shale  escarpment  at 
the  heads  of  major  valleys.   It  occupies  the  fans,  footslopes, 
and  low  knolls  and  short  ridges  that  lie  on  the  valley  sides  and 
bottom.   The  areas  usually  include  the  entire  valley  below  the 
steeply  rising  hills  and  ridges  that  border  the  valley.   Thurlow 
silty  clay  loam  makes  up  40  to  60  percent  of  the  complex;  Midway 
silty  clay  loam  is  30  to  50  percent;  and  Lohmiller  silty  clay 
loam  is  10  to  20  percent.   The  Thurlow  silty  clay  loam  is  on  the 
footslopes  and  fans  in  areas  of  less  than  10  acres.   Narrow 
drainageways  dissect  the  areas  of  Thurlow  soils.   The  Midway 
silty  clay  loam  is  on  the  knolls  and  short  ridges  scattered 
through  the  Thurlow  soils  or  along  the  base  of  the  highlands  that 
border  the  valley.   Slopes  are  12  to  15  percent  on  the  Midway 
soil.   The  Lohmiller  silty  clay  loam  is  below  shale  outcrops  on 
the  valley  rim  or  in  a  narrow  band  along  the  dry-stream  channel. 
The  Thurlow  and  Midway  soils  in  this  complex  have  profiles 
similar  to  those  described  for  their  respective  series.   Some  map 
areas  have  inclusions  of  Thedalund  loam  and  sandstone  outcrops 
with  the  Midway  soils.   The  surface  runoff  is  medium  and  the 
erosion  hazard  is  moderate.   The  Thurlow  soils  receive  runoff 
from  the  soils  on  the  valley  sides.   This  complex  is  suited  to 
range. 

(Capability  Unit  IVe-3  Dryland;  Clayey  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  1.) 
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Travessilla  Series 

The  Travessilla  series  consists  of  shallow,  undulating  and 
rolling,  well-drained  soils  on  sandstone  plains.   Slopes  are 
mainly  4  to  15  percent  but  range  downward  to  2  percent.   They 
formed  in  materials  weathered  in  place  from  calcareous,  hard 
sandstone  at  elevations  of  3200  to  3800  feet. 

Vegetation  is  mainly  prairie  sandreed,  Indian  ricegrass, 
skunkbush  sumac,  and  blue  grama.   Annual  precipitation  is  12  to 
14  inches;  mean-annual-soil  temperature  is  50  to  55  degrees  F. ; 
and  the  frost-free  period  is  115  to  120  days. 

Typically  the  surface  layer  is  grayish  brown  sandy  loam 
about  2  inches  thick.   The  underlying  material  is  channery  sandy 
loam  resting  on  hard  sandstone  at  about  18  inches.   Permeability 
is  rapid  and  the  effective-rooting  depth  is  about  18  inches. 
Available-water-holding  capacity  is  1  to  3  inches.   These  soils 
are  used  for  range. 

A  typical  profile  of  Travessilla  sandy  loam  on  grassland  is, 
as  follows: 

A  —  0  to  2  inches,  grayish  brown  (10YR  5/2)  sandy  loam,  dark 
grayish  brown  (10YR  4/2)  moist;  weak  fine  crumb  structure 
parting  to  single  grain,  loose,  friable,  nonsticky  and 
nonplastic;  clear  smooth  boundary. 

CI  —  2  to  13  inches,  pale  brown  (10YR  6/3)  sandy  loam  brown 
(10YR  5/3)  moist;   weak  coarse  platy  structure,  soft 
friable,  nonsticky  and  slightly  plastic;   strongly 
effervescent;  gradual  wavy  boundary. 

C2  —  13  to  18  inches,  pale  brown  (10YR  6/3)  channery  sandy  loam, 
brown  (10YR  5/3)  moist;  a  mixture  of  partially  weathered, 
horizontally  oriented,  1/4-inch-thick-sandstone  fragments 
separated  by  sandy  loam  residuum.   Fragments  make  up  about 
35  percent  of  volume.   Loose,  nonsticky  and  nonplastic; 
strongly  calcareous;  abrupt  wavy  boundary. 

R   —  18  to  20  inches,  hard,  calcareous  sandstone. 

The  surface-layer-texture  range  is  loam,  channery  loam  and 
sandy  loam.   Depth  to  bedrock  ranges  from  6  to  20  inches.   Coarse 
fragments  of  channer-  and  gravel-size  range  from  10  to  35 
percent.   Modally,  there  is  no  accumulated  calcium  carbonate  in 
the  soil  but  the  upper  bedrock  may  have  thin  lime  casts  on  the 
underside  of  fragments.   Hue  is  2.5Y  through  7.5YR.   Color  range 
in  the  control  section  brown,  light  brown,  pale  brown,  and  light 
yellowish  brown.   Clay  range  is  5  to  15  percent. 

Travessilla  soils  are  associated  with  Nelson,  Thedalund,  and 
Tullock  soils.   They  have  bedrock  at  shallower  depths  than  these 
soils  and  contain  more  sand  than  the  Thedalund  soils. 
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Travessilla-Thedalund  loam,  rol-iring,  8  to  15  percent  slopes  (TS)  . 

This  complex  comprises  rolling  soils  of  the  sedimentary 
plains.   About  40  percent  is  Travessilla  loam  and  sandy  loam; 
about  40  percent  is  Thedalund  loam;  and  about  15  percent  is  rock 
outcrop.   The  soils  occur  in  no  predictable  pattern  on  the  land 
but  the  Thedalund  loam  is  usually  on  the  low  ridges  and  hills 
where  slopes  are  8  to  15  percent.   The  Travessilla  soils  occur 
between  the  ridges  where  erosion  has  exposed  the  sandstone  and 
sandy  shales  on  slopes  of  2  to  10  percent.   Rock  outcrop  occurs 
level  with  the  soil  surface  or  as  ledges  on  the  lower  sides  of 
the  ridges.   The  Travessilla  and  Thedalund  soils  in  this  complex 
have  profiles  with  characteristics  similar  to  those  described  for 
their  respective  series.   Surface  runoff  is  medium  and  the 
erosion  hazard  is  moderate.   This  complex  is  suited  to  range. 

(Capability  Unit  Vie  Dryland;  Silty  range  site  10-14-inch 
precipitation  zone;  Windbreak  Suitability  Group  3M.) 
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Vananda  Series 

The  Vananda  series  consists  of  deep,  nearly  level  to  sloping 
and  undulating,  well-drained,  sodium-affected  soils  on  terraces, 
fans,  and  footslopes  in  river  and  stream  valleys.   Slopes  range 
from  0  to  8  percent.   They  formed  in  alkaline,  clay  alluvium  from 
fresh  and  salt-water  shales  at  elevations  of  2700  to  3800  feet. 

Vegetation  is  mainly  greasewood,  Sandberg  bluegrass ,  wild 
onion,  and  western  wheatgrass.   Annual  precipitation  is  13  to  14 
inches;  mean-annual-soil  temperature  is  48  to  50  degrees  F. ;  and 
the  frost-free  period  is  115  to  125  days. 

Typically  the  surface  layer  is  light  brownish  gray  silty 
clay  about  1  inch  thick.   The  underlying  material  is  grayish 
brown  grading  to  olive  gray  clay  to  60  or  more  inches.   The  soil 
is  strongly  alkaline  in  all  parts.   Permeability  is  very  slow  and 
the  effective-rooting  depth  is  60  or  more  inches. 
Available-water-holding  capacity  is  moderate  or  high.   These 
soils  are  used  for  range  and  irrigated  cropland. 

A  typical  profile  of  Vananda  clay  on  grassland  is,  as 
follows : 

A    —  0  to  1  inch,  light  brownish  gray  (2.5Y  6/2)  silty  clay, 

olive  gray  (5Y  4/2)  moist;  strong  fine  granular  structure 
in  the  crust;  hard,  firm,  sticky  and  plastic;  slightly 
effervescent;  crust  breaks  with  moderate  pressure; 
abrupt  boundary. 

CI    —  1  to  3  inches,  grayish  brown  (2.5Y  5/2)  clay,  olive  (5Y 

4/3)  moist;   moderate  coarse  blocky  structure;  very  hard, 
firm,  very  sticky  and  very  plastic;  strongly 
effervescent;  clear  boundary. 

C2   —  3  to  12  inches,  grayish  brown  (2.5Y  5/2)  clay,  olive  gray 
(5Y  4/2)  moist;  moderate  medium  coarse  blocky  structure; 
extremely  hard,  very  firm,  very  sticky  and  very  plastic; 
strongly  effervescent;  clear  wavy  boundary. 

C3ca  —  12  to  16  inches,  light  olive  gray  (5Y  5/2)  clay,  olive 
gray  (5Y  4/2)  moist;  fragmental  structure;  extremely 
hard,  very  firm,  very  sticky  and  very  plastic;  strongly 
effervescent;  common  gypsum  and  other  salt  crystals; 
gradual  wavy  boundary. 

C4cs  —  16  to  29  inches,  olive  gray  (5Y  5/1)  clay,  dark  olive 

gray  (5Y  3/2)  moist;  massive;  extremely  hard,  very  firm, 
very  sticky  and  very  plastic;   strongly  effervescent; 
common  gypsum  and  other  salt  crystals;  gradual  wavy 
boundary. 
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C5    —  29  to  60  inches,  olive~Tgray  (5Y  5/1)  clay,  dark  olive 

gray  (5Y  3/2)  moist;  massive  structure;  extremely  hard, 
very  firm,  very  sticky  and  very  plastic;  strongly 
effervescent;  few  gypsum  and  salt  crystals. 

The  10  to  40-inch  section  has  45  to  60  percent  clay.   Color 
hue  is  2.5Y  or  5Y.   Color  range  of  the  C  horizons  is  light  olive 
gray,  olive  gray,  light  gray,  and  pale  olive.   Quantities  of 
gypsum  crystals  range  from  many  to  very  few.   The 

exchangeable-sodium  percentage  is  greater  than  7  and  increases  to 
more  than  15  at  about  20  inches.   The  soil  profile  ranges  from 
slightly  to  strongly  calcareous  with  a  few  fine  segregations  of 
lime  below  10  inches. 

Vananda  soils  are  associated  with  Kyle.  Arvada,  Pierre,  and 
Allentine  soils.   They  are  more  alkaline  than  the  Kyle  and 
Allentine  soils  and  they  lack  the  shale  bedrock  of  the  Pierre 
soils.   They  lack  the  columnar  B2t  and  the  A2  horizons  of  the 
Arvada  soils. 


Vananda  clay,  1  to  8  percent  slopes  (Vc) . 

This  soil  is  in  20  to  100-acre  patches  in  valleys  of  shale 
highlands.   It  occupies  the  terraces  and  fans  of  the  wide  valleys 
and  the  footslopes  in  the  narrow  valleys.   The  terraces  include  4 
to  5-foot  deep,  dry  channels.   The  footslopes  have  narrow  rills 
and  gullies  spaced  100  to  200  feet  apart.   The  soil  profile  is 
the  typical  one  described  for  the  series.   Included  with  this 
soil  in  mapping  were  small  areas  of  Allentine  and  Kyle  soils. 
The  surface  runoff  is  medium  and  the  erosion  hazard  is  moderate. 
This  soil  is  suited  for  range. 

(Capability  Unit  VIe-1  dryland;  Dense  Clay  range  site 
10-14-inch  precipitation  zone;  Windbreak  Suitability  Group  3S . ) 
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Appendix  E. --Taxonomic  properties  of  the  Great  Groups  of  soils 

TThe  properties  given  are  in  addition  to  those  that  define  the  higher  taxonomic 
levels.   Descriptions  adapted  from  Soil  Survey  Staff,  1975] 

Camborthids 

Soils  have  one  or  more  of  the  following  characteristics: 

-a  cambic  horizon  (reddish  or  brownish) 

-no  argillic  or  natric  horizon 

-no  salic  horizon  within  75  cm  depth 

-no  calcic,  petrocalcic,  gypsic,  or  petrogypsic  horizon  or  duripan  within 

1  m  depth 
-developed  from  post-Pleistocene  sediments  of  low  lime 
-may  be  calcareous  in  all  horizons 

Haplargids 

Soils  have  one  or  more  of  the  following  characteristics: 

-an  argillic  horizon 

-may  have  calcic  horizon  below  the  argillic 
-no  natric  horizon 

-no  duripan  or  petrocalcic  horizon  within  1  m  depth 

-developed  mostly  on  erosion  surfaces  or  sediments  of  late-Pleistocene  age 
with  little  or  no  lime 

Haplustolls 

Soils  have  one  or  more  of  the  following  characteristics: 

-no  argillic  or  natric  horizon 

-no  duripan,  or  calcic  or  gypsic  horizon  within  1  m  depth 

-transition  layer  below  mollic  epipedon  that  is  less  than  25  percent  by 

volume  of  filled  animal  burrows 
-no  petrocalcic  horizon  within  1.5  m  depth 
-a  cambic  horizon,  or 

consist  of  only  slightly  altered  parent  material  below  the  mollic  epipedon 
-carbonates  or  soluble  salts  may  have  accumulated 

Natrargids 

Soils  have  one  or  more  of  the  following  characteristics: 

-a  natric  horizon  often  within  a  few  cm  depth 

-no  petrocalcic  horizon  or  duripan  within  1  m  depth 

-carbonates  are  common  throughout  the  profile 

-carbonates  and  soluble  salts  may  accumulate  below  the  natric  horizon 

-salic,  gypsic,  or  calcic  horizons  may  be  present 

-developed  mostly  on  near-level  sediments  of  late-Pleistocene  age 

Torrif luvents 

Soils  have  one  or  more  of  the  following  characteristics: 

-no  diagnostic  horizons 

-torric  moisture  regime,  arid  climates 

-mean  annual  soil  temperature  is  8°C  or  higher 

-organic  carbon  decreases  irregularly  with  depth 

-profile  is  at  least  25  cm  in  depth 

-alkaline  or  calcareous,  sometimes  saline 

-developed  on  recent  alluvial  sediments 

-slope  less  than  25  percent 

-native  plants  of  xerophytic  shrubs  and  cacti 

-flooded  occasionally 

Torriorthents 

Soils  have  one  or  more  of  the  following  characteristics: 

-no  diagnostic  horizons 

-torric  (aridic)  moisture  regime,  or 

conductivity  of  saturation  extract  greater  than  2  mmho/cm  in  upper  soil 
-lithic  contact  less  than  25  cm  depth,  or 

loamv  or  finer  texture  in  some  horizon  between  25  cm  to  1  m,  or 

greater  than  35  percent  rock  fragments  within  1  m  depth 
-slope  greater  than  25  percent,  or 

organic  carbon  decreases  regularly  with  depth  to  0.2  percent  within  1.25  m, 

lithic  contact  less  than  25  cm  depth 
-not  permanently  saturated 
-neutral  or  calcareous 

-moderate  to  strong  slopes,  often  on  rock  pediments 
-vegetation  sparse,  mostly  xerophytic  shrubs,  ephemeral  grasses,  and  f orbs , 

sometimes  salt  grass 
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APPENDIX  H 


Data  for  defining  moisture  relations  in  soils 


M  DEPTH 


RETENTION   VOLUME 
rpRCE     .EI&HI 


c/soch  pf   g/cc 


»vEO40E  SO!'.              ►•OtSTuJf      »DSO«TiON                VOIP 

vutU"t  "OISTU-'L       RE1ENTION         CAPACITY  «"1|STi,3F 

WEI&hT  CAPABILITY  CAPACITY 

C/CC  KB*             • 
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KJISTuRE    *0ISTu«E 
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molfcitlar       "olfcular 
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hamG   SITE 
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0.(0 
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I.** 
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0.70 
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6.-3 
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1391. 
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25.91 

*.l 

32.2 

0.60 

61507. 

*.79 

1.53 

1.55 

3.87 

10.36 

16.57 

26.63 

3.7 

25.7 

0.70 

*9160. 

*.69 

1.77 

i.72 

*.*  1 

11.23 

17.97 

20. *« 

*.o 

18.2 

0.80 

*3601 . 

*.6- 

1  .86 

1.7* 

5.58 

13.56 

21.70 

19.63 

*.  1 

1  *  .5 

0.90 

*98S=. 

*.70 

1.61 

1.67 

6.56 

16.5* 

26. *7 

22.31 

*.o 

13.5 

1.00 

*139o. 

*.62 

1.53 

1.63 

*.77 

11. *2 

18.27 

23.56 

*.2 

20.6 

1.10 

3*127, 

*.S3 

1.75 

1.51 

6.36 

1*.*9 

23.  18 

28.70 

*.* 

19.8 

1.20 

*152*. 

*.*7 

1.23 

1.56 

6.02 

19.2* 

30. 7A 

26.22 

*.2 

13.6 

1.30 

J053-). 

*.31 

1.71 

l.*2 

8.79 

17.7* 

28.38 

32. *6 

5.0 

18.3 

l.*0 

1635*. 

*.71 

1.3* 

1.50 

7.93 

15.2* 

2*. 38 

28.87 

5.2 

18.9 

1.S0 

17998. 

*,26 

1  .*6 

1.31 

7.85 

15. *& 

?*.<•* 

38.63 

5. 1 

25.  1 

1.60 

12*11. 

*.C 

1.13 

1.52 

8.27 

15.00 

23.99 

27.93 

S.S 

18.6 

1.70 

1332?. 

*.  12 

1.98 

1  .*5 

6.36 

11.71 

18.73 

31.37 

5.* 

?6.8 

l.eo 

12312. 

* .  nv 

1.2* 

l.*S 

6.50 

11.78 

18.65 

29.92 

5.5 

25.* 

1.90 

909P. 

3.96 

1.22 

1.22 

6.67 

11.73 

16.77 

**.co 

5.9 

37.5 

2.00 

10962. 

*.C* 

1.71 

l.*l 

7.52 

13.31 

21.79 

33.01 

5.7 

7*. 8 

2.10 

8872. 

3.93 

1.81 

1  .*f> 

8.06 

13.67 

21.6a 

33.50 

S.9 

?*.S 

2.20 

7366. 

3.87 

1.19 

1.71 

7.62 

12.50 

20. oc 

20.70 

6.  1 

16,6 

2.30 

987*. 

3.99 

2.1* 

1  .<-9 

7.65 

13.26 

21.21 

29.21 

5.8 

27.0 

2.*0 

852f. 

3.93 

1.15 

1.15 

7.99 

13. *8 

21.57 

*8.92 

5.9 

36.3 

3.5 

3.) 
2.7 
2.7 
2.9 
2.5 
2.0 
1.8 
1.7 
i.l 
2.1 
1.7 
7.0 
2.1 
2.* 
2.0 
?.S 
2.* 
3.? 
?.* 
2.* 
1.9 
2.2 
3.1 
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Data  for  defining  moisture  relations  in  soils — Continued 


H      DEPTH  WFTfNTION      VOLUME      AVEPAjE         SOIL  HOISlUOE       A05O0PTION  vOin 

FO«CE  4EIGMT       VOLUCL       MOISIUMt       RflENTlON  CAPACITY  HOISTL'OE 

trtlGHt  CAPABILITY  Capacity 


G/SOC"  pt         G/CC 


G/CC 


SOIL 
»"3tSTuPE 


•»oi.rcui.AO 

IAYESS 
Of  KATEB 


vnto 

"OlSTU'E 
CAPACITY 

HOLf CDL»S 

LAYERS 
OF  wATEB 


»EBmFA?!LMy 


C«/mR 


HASO       SHE            3 

0ATE1 

9/21/76 

SA-PLE 

NO.          1 

0.10 

345131. 

5.54 

1  .18 

1.16 

7.2* 

39.89 

63.8? 

47.64 

1.8 

11.8 

0.20 

10678s. 

S.03 

1  .62 

1.40 

9.41 

30.19 

48.30 

33.68 

3.1 

11.2 

0.30 

63781, 

4.80 

1.40 

1.56 

7.57 

20.49 

32.78 

?4.56 

3.7 

13.0 

OttO 

39?73. 

<• . ','.' 

1.64 

1.51 

8.64 

20.41 

32.66 

28.50 

4.2 

14. C 

o.so 

9797. 

3.9-* 

1.48 

1.50 

12.55 

21.72 

34. 7S 

26.81 

5.8 

13.3 

0.60 

481,0. 

3.68 

1.38 

1.41 

15.72 

23.96 

38.  34 

33.  3* 

6.6 

13.9 

0.70 

5266. 

3.72 

1.36 

1.36 

1-.76 

22.83 

36.5? 

35.64 

6.5 

15.6. 

o.eo 

66  1 1,. 

3.82 

l.Jb 

1.30 

12.15 

19.56 

31.29 

39. ]• 

6.2 

20.0 

0.40 

4755. 

3.6* 

1.19 

1.31 

11.75 

17.66 

28.57 

38.60 

6.6 

2'. 6 

1.00 

7286. 

3. =6 

1.3? 

1.37 

9.27 

15.17 

24. 2P 

35.1? 

6.1 

23.1 

1.10 

7161. 

3.85 

1.54 

1.39 

e.87 

14.47 

23.16 

34.37 

6.1 

23.7 

1.20 

1433b. 

4,|6 

1.2- 

1.55 

9.1  1 

17.0] 

27.?? 

26.74 

c.4 

lc.7 

1.30 

479*  . 

3.6S 

l.«q 

1.48 

7.9b 

12.10 

19.34 

29.85 

6.6 

?-,7 

l.»0 

7187. 

3.66 

1.32 

1.52 

5.46 

8.95 

14.3? 

20. ?» 

6.1 

3'  .6 

1.50 

9773. 

3.99 

1.3- 

1.35 

9.75 

16.87 

26.99 

36. ?4 

5.8 

2:. 5 

1.60 

671,7. 

3.83 

1.39 

1.74 

9.90 

15.98 

25.58 

19.58 

6.2 

12.3 

1.70 

495^. 

3.70 

2.50 

1.81 

9.96 

15.24 

24.38 

17. «? 

6.5 

:i,6 

I. HO 

2S20. 

3.4L 

1.53 

1.66 

14.12 

19.38 

31.00 

15.90 

7.3 

8.? 

1.90 

4444. 

3.<-5 

l.bo 

1.51 

1-.19 

21.32 

34.1? 

28.37 

6.7 

1.1.3 

2.00 

2257. 

3.3b 

1.45 

1.45 

1  4,60 

19.97 

31.95 

31. C? 

7.4 

15.5 

2.10 

209S. 

3.32 

1.35 

1.39 

16.-9 

22.01 

35.2? 

34. CO 

7.5 

15.4 

2.20 

2891. 

3.46 

I.3S 

1.47 

13.36 

18.75 

30.00 

30.44 

7.1 

16.3 

2.30 

278B. 

3.4b 

1.66 

1.52 

12.'8 

16.63 

26.  S3 

27.86 

7.2 

16.6 

2.40 

3293. 

3.S2 

1.53 

1.53 

6.04 

11.  bO 

16.41 

27.7? 

7.0 

24.1 

.6 

.6 

.-> 

,? 

.  7 

.<• 

.9 

2.1 

2.? 

2.3 

2.3 

1.4 
2.4 

2.« 
2.2 

1.7 
1.6 

1.4 

1.7 
1.!! 
1.8 
!  .9 
1.9 
2.4 


HANG      SITE           * 

OATEI 

9/21/76 

SAMPLE 

NO.         1 

0.10 

134220. 

5.13 

1.10 

.10 

2.60 

9.07 

1*.51 

53. C6 

2.9 

58.5 

0.20 

123"-9<.. 

5.09 

1.61 

.46 

5.21 

17.61 

28.  18 

30.9? 

3.0 

17.6 

0.30 

106957. 

5.03 

1  .65 

.65 

5.46 

17.52 

28.03 

22.91 

3.1 

13.1 

o.jrO 

1136PP. 

5.06 

1.68 

.66 

3.46 

1  1.35 

18.16 

22. 3" 

3.0 

19.7 

0.50 

794  1  p. 

4.90 

1.66 

.70 

2.62 

7.61 

12.17 

21.14 

3.4 

27.8 

0.60 

57411.. 

4.  76 

1.  76 

.70 

3.4b 

9.06 

14.50 

21.06 

3.6 

23.2 

0.70 

67056. 

4.83 

1.69 

.71 

3.07 

8.43 

13.49 

?0.4« 

3.6 

24.5 

0.80 

4830> . 

4.6b 

1  .69 

.64 

2. 89 

7.23 

11.57 

23.34 

4.0 

3?. 3 

0.90 

41969. 

4.6? 

1.53 

.5? 

3.34 

8.04 

12.87 

27.85 

4.2 

34.6 

l.oo 

2U207. 

4.31 

1.3S 

.-5 

5.66 

11.38 

18.21 

31.3? 

5.0 

27. S 

1.10 

251?... 

4.40 

1.-6 

.50 

5.35 

1  1.30 

18.09 

2Q.r6 

4.7 

25.7 

1.20 

27990. 

4.45 

1  .68 

1.65 

8.39 

18.20 

29.13 

22.88 

4.6 

12.6 

1.30 

1889s. 

4.?8 

1.81 

1.44 

9.  14 

18.11 

?8.97 

31  .63 

5.0 

17.5 

1.40 

174?*. 

4.24 

0.83 

1.52 

1?.12 

23.60 

37.77 

28.21 

5.1 

12.0 

1.50 

21608. 

4.33 

1.91 

1.31 

14.1  1 

28.81 

46.10 

38.60 

4.9 

13.4 

1.60 

15951. 

<>.?0 

1.19 

1.71 

11.98 

2?. 89 

36.63 

20. 8  « 

5.2 

9.1 

1.70 

13644, 

4.  1- 

2.02 

1.53 

t.66 

12.68 

20.2% 

?7.63 

5.4 

2'  .8 

1.80 

14805. 

4.17 

1  .38 

1.6? 

5.09 

9.57 

15.30 

23.»4 

5.3 

?4.9 

1.90 

10967. 

4.04 

1  .47 

1.-2 

4.8? 

8.54 

13.66 

32.66 

5.7 

38.3 

2.00 

13261. 

4.12 

l.-l 

1.47 

3.57 

6.55 

10.49 

30.43 

5.4 

44.4 

Z.10 

12215 

4.09 

1.52 

1.4? 

5.C7 

9.17 

14.68 

32.5? 

5.5 

35.5 

2.20 

loeoo 

4.03 

1.3- 

1.50 

5.33 

9.41 

15.06 

?9.r  7 

5.7 

30.9 

2.30 

7353 

3.87 

1.63 

1.49 

4.20 

6.89 

11.03 

29.19 

6.1 

42.3 

2.40 

5938 

3.77 

l.bl 

1.51 

3.96 

6.25 

9.99 

26.53 

6.3 

45.7 

4.5 

2.0 
1.7 
2.1 
2.6 
2.3 
2.4 
2.9 
3.0 
2.6 
2.5 
1.7 
2.0 
1.6 
1.7 
1.5 
2.2 
2.4 
3.2 
3.7 
3.1 
2.6 
3.5 
3.7 
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Data  for  defining  moisture  relations  in  soils — Continued 

M       OtPTM  KETfNTICW       VOLUME       AVtHAuE  SOIL  MOISTURE       A0SOBPTT0N  VOID  <OIL  VO10  PEPMEAPTL1TV 

FOOCC  we  I&i-iT      VOLUHt      "OlSTU^E      KLTFMIOS         CAPACITY  MO!SIu"E         "OISTURE  *OISTURr 

wei&mi  ci^maiit  cicjcin  capacity 

M  G/SOcm      PF        G/CC  &/CC  *  *  »  »  MOLrCl'LAR  MOLrCULAP  CM/HP 

LAVE&5  LAYERS 

or  wAifp  or  water 


MAS&   SITE     5   OAU  I   9/21/76   SAMPLE  NO. 


0.10 

52*698. 

5.72 

1.11 

1.11 

5.19 

38.49 

61.58 

52.15 

T.3 

13.5 

0.20 

S3S24. 

4.73 

1.21 

1.25 

7.55 

19.42 

31.07 

42.19 

3.9 

21.7 

0.30 

61440. 

4.79 

l.*3 

1.3". 

7.82 

20.95 

33. S? 

36.90 

3.7 

17.6 

0.40 

517f«>. 

4.71 

1.38 

1  .-o 

7.91 

20.15 

32.25 

33.57 

3.9 

16.7 

o.so 

32389. 

4.51 

l.*0 

1.3* 

6.05 

18.11 

28. 97 

37.15 

4.4 

20.5 

0.60 

**83*. 

fc.65 

1.23 

1.33 

7.90 

19.34 

30.94 

37.36 

4.1 

19.3 

0.70 

5262|. 

fc.72 

1.37 

1.32 

7.65 

19.58 

31.3? 

38.27 

3.9 

19.5 

0.60 

30810. 

4.57 

1.35 

1.** 

8.52 

19.79 

31.67 

31.73 

4.3 

16.0 

0.90 

2204c. 

-.3- 

1.60 

I.*7 

9.92 

20.35 

32.55 

30.24 

4.9 

14.9 

1.00 

13917. 

4.  |4 

1.-6 

l.*5 

10.96 

20.36 

32.57 

31.42 

5.4 

15.4 

1.10 

1  1565. 

4.06 

1.27 

1.5C 

12.63 

22.58 

36.13 

28.85 

5.6 

12.8 

1.20 

104U. 

4.:2 

1.77 

1.53 

12.16 

21  .29 

34.07 

27.  4* 

5.7 

12.9 

1.30 

7769. 

3.-V 

1.56 

1.54 

12.2- 

20.29 

32.  4* 

27.16 

6.0 

13.4 

l.*0 

4024. 

3.60 

1.29 

1.56 

13.20 

19.50 

31.20 

26.39 

6.B 

13.5 

1.50 

6820. 

3.83 

1  .83 

1.53 

13. OS 

21.12 

33.81 

27.58 

6.2 

13.1 

1.60 

7327. 

3. "6 

l.*7 

1.63 

13.19 

21  .62 

34.59 

23.66 

6.1 

11.9 

1.70 

S543. 

3.7-. 

1  .59 

1.57 

13.25 

20.66 

33. 0«. 

25.70 

6.4 

12.5 

1.80 

1161?. 

4.06 

1  .66 

1.67 

13. 46 

24.07 

3P.SO 

22.12 

5.6 

9.2 

1.90 

e:.i  ^. 

3.92 

1.76 

1.73 

12.62 

21.17 

33.87 

20.21 

6.0 

9.5 

2.00 

oee?. 

3.99 

1.75 

1.75 

12.-8 

21  .64 

34.62 

19.37 

5.8 

9.0 

2.10 

6366. 

3.E0 

1.7* 

1.69 

13.91 

22.23 

35.57 

21.48 

6.3 

9.7 

2.20 

7849. 

3. 89 

1.58 

1.76 

13.32 

22.12 

35.40 

19.15 

6.0 

8.7 

2.30 

13457. 

4.13 

1.96 

1.80 

13.02 

24.  ni 

38.42 

17.69 

5.4 

7.4 

2.*0 

9309. 

3.97 

1.86 

1.88 

13.*3 

23.03 

36.85 

15.55 

5.8 

6.8 

B   SITI 

6   C 

IATEI 

9/21/76 

Sample 

NO.    1 

8.10 

171836. 

5.2* 

1.15 

1.15 

5.57 

21.52 

3*.4* 

49.18 

2.6 

22.9 

0.20 

6B491 . 

4.84 

1.43 

1.46 

8.60 

23.80 

38.07 

31.00 

3.6 

13.1 

0.30 

39..S5. 

4.60 

1.78 

1  .60 

10.12 

23.94 

38.31 

24.69 

4.2 

in. 3 

0.40 

56799. 

4.75 

1.60 

1.63 

9.73 

25.-6 

*0.73 

23.55 

3.8 

9.2 

0.50 

40*36. 

4.61 

1.52 

1.61 

8.90 

21.20 

33.92 

24.31 

4.2 

11.5 

0.60 

55934. 

4.75 

1.72 

1.57 

9.64 

25.12 

*0.  19 

26.07 

3.8 

10.4 

0.70 

50537. 

4.70 

1.46 

1.52 

10.08 

25.50 

40.8| 

28.26 

4.0 

11.1 

0.80 

3564*.. 

4.55 

1.36 

1.4- 

9.23 

21.27 

34.04 

30.01 

4.3 

14.1 

0.90 

3906H. 

4.50 

1.60 

1.45 

9.21 

21.73 

34.77 

31.16 

4.2 

16.3 

1.00 

5033*. 

4.  70 

1.39 

1.56 

8.8* 

22.34 

3S.75 

26.39 

4.0 

11.9 

1.10 

46  19?.. 

4.66 

1.69 

1.6J 

8.54 

21  .08 

33.73 

23.47 

4.1 

11. 1 

1.20 

6368C. 

4.80 

1.83 

1.65 

7.6B 

20.78 

33.24 

22.7? 

3.7 

10.9 

1.30 

4251"i. 

4.63 

1.45 

1.65 

9.  19 

22.17 

35.47 

22.95 

4.  1 

10.4 

1.40 

25968. 

4.41 

1.67 

1.57 

8.60 

18.34 

29.35 

26.1* 

4.7 

14.3 

1.50 

26915. 

4.46 

1.58 

1.57 

7.82 

17.11 

27.37 

25.79 

4.6 

15.1 

1.60 

14151. 

4.15 

l.*b 

l.*8 

7. 05 

13.13 

21.01 

29.97 

5.4 

22.8 

<      SITE 

7   OATJI 

9/21/76 

SAMPLE 

NO.    1 

0.10 

35755?. 

5.55 

1.31 

1.31 

».3o 

0.20 

170091. 

5.23 

1.47 

1.40 

6.37 

0.30 

9867«.. 

4.-0 

!.*2 

1.5C 

7.00 

0.40 

67032. 

4.83 

1.62 

1.46 

6.25 

0.50 

67973. 

4.83 

1.34 

1.52 

6.39 

0.60 

80704. 

4.91 

1.59 

1.48 

5.82 

0.70 

45553. 

4  ,*6 

1.50 

1.5) 

S.*7 

0.80 

5256*.. 

4.72 

1.-3 

1.49 

S.87 

0.90 

19485. 

4.2-J 

1.55 

1.-4 

7.09 

1.00 

11503. 

4.06 

1.48 

1.50 

8.99 

1.10 

6275. 

3. HO 

1.47 

1.48 

9.  79 

1.20 

3814. 

3.6B 

l.*7 

1  .49 

10.12 

1.30 

322n. 

3.51 

1.53 

1  .60 

12.56 

1.40 

302c. 

3.46 

1.61 

1.84 

1*.  70 

1.7 
?.i 
2.0 
1.9 
2.2 
2.1 
2.1 
1.9 

1.8 

1.8 
1.7 

1.7 
1.7 

1.7 

l.=» 
1.6 
1.7 
1.5 
!  .5 
1.5 
1.5 
I.* 
1.* 
1.3 


2.3 

1.7 

1.5 
1.5 
1.6 
1.5 
1.6 

i.e 

1.8 
1.6 
1.6 
1.6 
1.5 
1.8 
1.8 
2.3 


24.25  38.80  38.78  1.8  16.0  1.9 

24.48  39.16  33.76  2.6  13.9  1.7 

21.82  34.9?  28.83  3.2  13.2  1.7 
17.18  27.49  30.7?  3.6  17.9  2." 
17.64  ?f.Z?  28.11  3.6  15.9  1.9 
16.96  27.14  29.90  3.*  17.6  2.0 
13.44  21.51  28.63  fc.l  21.3  2.? 
15.02  2*.04  29.35  3.9  19.5  2.1 
14.14  22.62  29.60  5.0  20.9  2.2 
16.07  25.71  28.95  5.6  18.0  2.0 
15.60  24.9b  30.06  6.3  19.3  2.1 

14.83  23.7?  ?9.38  6.8  19.8  2,1 
17.93  28.69  24.63  7.0  13.7  1.7 
20.75  33.20  16.66  7.1  8.0  1.4 

1.50                1012.     3.01        2.18             1.6*                   8.75                   10.54  16.86  16.59  8.3  15.8  1.9 

1.60           27920.    *.*S      1.53           1.53              12.84                27.85  44.56  27.50  *.6  9.9  l.S 
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Data  for  defining  moisture  relations  in  soils — Cont inued 


M      PEP1H 

RETENTION 

VOLUME 

Ave  cage 

SOIL 

MOISTUOE 

ADSORPTION 

voin 

SOIL 

vmn 

PERMEABILITY 

rooct 

•EIGHT 

VULUMt 

MOISTURE 

xtTENMOw 

CAPACITY 

"OISTl  9E 

"3TSTUPE 

"OlfTuPf 

»E1GhT 

CAPAHIL1 XT 

CAPACITY 

Cap»C!TY 

M 

G/SOC* 

PF 

6/CC 

&/CC 

% 

» 

* 

t 

MOlFCULaR 

LAYERS 
OF    WATER 

"OlfCULAR 

LayEPS 
OF    matEP 

CM/«P 

HAlO       SITt 

8      OATEl 

9/21/76      SAMPLE 

NO.         1 

0.10 

88001  . 

4.9* 

1.19 

1.19 

4.38 

13.15 

21.04 

46.  P« 

3.3 

35.1 

3.-> 

0.20 

17963. 

4.25 

1  .44 

1.35 

8.  16 

16.00 

25.59 

36.37 

■•.1 

2?. 7 

2.3 

0.30 

15289. 

k.  ie 

1.42 

1.48 

10.86 

20.57 

32.91 

29.78 

5.3 

14.5 

1  .« 

o.»o 

7560. 

3.  8K 

1.5? 

1.57 

10.53 

17.36 

27.  7a 

26. f4 

6.1 

15.0 

l.» 

0.50 

3995. 

3.60 

1.70 

1.76 

10.95 

16.16 

25.85 

19.03 

6.8 

11.8 

i.6 

0.60 

1810. 

3.dt> 

2.00 

1  .89 

15.53 

20.29 

32. 47 

15.15 

7.7 

7.S 

1.4 

0.70 

2213. 

3.35 

1  .91 

2.00 

14.75 

19.85 

31.76 

12.22 

7.4 

6.? 

1.3 

0.60 

187*,. 

3.27 

2.03 

1.99 

15.10 

19.  f  3 

31.73 

12.55 

7.6 

6.3 

1.3 

0.90 

1393. 

3.1* 

1.96 

1.9? 

15.80 

19.98 

31.81 

14.25 

7.9 

7.2 

1.3 

1.00 

937. 

2.97 

l.7d 

|.7« 

18.22 

21.73 

3<-.  76 

18.40 

•.4 

P. 5 

1  ,4 

1.10 

1*06. 

3.15 

1  .60 

1.79 

22.19 

27.97 

44  .  75 

16.26 

7.9 

6.5 

;  .3 

1.20 

2924. 

3.47 

1.97 

1.78 

19.3? 

27.13 

43.4? 

18.30 

7.1 

*.7 

1.3 

1.30 

530?. 

3.7? 

1.78 

1  .9,1 

18.73 

28.90 

46.24 

14.9? 

6.5 

5.2 

1.? 

1.40 

360?. 

3.56 

1.95 

1.8? 

19.78 

28.71 

45.93 

17.  08 

4.9 

=.,9 

!  .3 

1.50 

4467. 

3.65 

1  .7', 

l.J- 

20.39 

11/8 

49.09 

16.63 

».6 

5.4 

1  .<■ 

1.60 

326). 

3.51 

1.82 

1.82 

20.73 

29.61 

47.38 

17.12 

7.0 

5.8 

:.: 

MO      SITE           9 

OATEl 

9/21/76 

SAMPLE 

NO.         1 

0.10 

217623. 

5.34 

1.17 

1.17 

7.05 

30.29 

48.47 

47.83 

2.3 

15.8 

0.20 

38864. 

4.59 

1  .*» 

1.-7 

12.53 

29.52 

47.23 

30.50 

4.2 

ln.3 

0.30 

15841. 

4.20 

1  .3* 

1.46 

14.43 

?7.52 

44.  04 

29.70 

*.? 

!  n  .  8 

0.40 

7887. 

3.90 

1.22 

1.23 

1  7.54 

29.15 

46.64 

43.75 

6.0 

15.0 

0.50 

11094. 

4.05 

I  .08 

1.25 

19.11 

33.90 

54.23 

41  .95 

5.6 

1?.4 

0.60 

5489. 

3.»4 

1.47 

1.31 

22.18 

34.55 

55.  2« 

38.63 

6.4 

11.2 

0.70 

40917. 

4.61 

1.38 

1.46 

16.39 

19.16 

6?. 66 

30.73 

4.2 

7.8 

0.80 

5288. 

3.72 

1.53 

1.51 

26.64 

41  ,?2 

65.9^ 

28.51 

6.5 

6.9 

0.90 

2698. 

3.*b 

1  .61 

i.62 

24.0? 

33.77 

54.03 

?4.14 

7.1 

7.2 

1.00 

245". 

3.39 

1.70 

1.61 

1  7.94 

?4.5? 

39.23 

24.3? 

7.3 

9.9 

1.10 

3934. 

3.59 

1.52 

1.7? 

16. 2C 

?6.80 

42.68 

20.39 

(-.8 

7.6 

1.20 

4485. 

3.65 

1  .^4 

1.84 

17.84 

26.95 

42. 9«, 

16.74 

6.6 

6.2 

1.30 

314?. 

3.50 

2. OS 

1.97 

1  7.49 

?4.B3 

39.73 

13.15 

7.0 

5.3 

1.40 

850<-. 

3.93 

1.91 

?.01 

17.39 

29.31 

46.89 

1  1.45 

5.9 

3.9 

1.50 

S0S«. 

3.70 

?.  1- 

1.95 

16.47 

25. ?9 

40.47 

1  3.44 

6.5 

5.3 

1.60 

5731. 

3.76 

1.81 

1.61 

16.47 

?5.85 

41.35 

17. <.5 

6.4 

6.8 

HAN&       SITE 

10 

OATEl 

9/21/76 

Sample 

NO.        1 

0.10 

172896. 

5.24 

1.26 

1.26 

3.75 

14.50 

23.  2n 

41.35 

2.6 

28.5 

0.20 

36674. 

4.56 

1.75 

1.67 

6.31 

14.64 

23.42 

??."? 

4.3 

15.0 

0.30 

4661 3. 

4.67 

2.00 

1.74 

7.14 

17.67 

28.27 

19.83 

4.0 

11.2 

0.40 

12384. 

4.09 

1.46 

1.95 

9.20 

16.69 

26.70 

13.64 

5.5 

8.2 

0.50 

3956. 

3.60 

2.38 

1  .90 

11.06 

16.30 

?6.08 

14.86 

6.8 

9.1 

0.60 

4131. 

3.62 

1.87 

2.05 

12.46 

18.49 

29.59 

11.11 

*.7 

6.0 

0.70 

4594. 

3.66 

1  .90 

1.87 

12.31 

18.60 

29.  7s 

15.80 

6.6 

■  •5 

0.80 

3475. 

3.54 

1.84 

l.f  3 

12.61 

18.19 

29.11 

17.95 

6.9 

9.9 

0.90 

4685. 

3.6V 

1.65 

1.76 

11.67 

17.82 

28.51 

19.18 

6.6 

10.8 

1.00 

2325. 

3.37 

1.78 

1.67 

17.28 

23.42 

37.47 

22.12 

7.4 

9.4 

1.10 

1854, 

3.2' 

1.5* 

1.72 

19. 6" 

25.74 

41.19 

20.53 

7.6 

8.0 

1.20 

3394, 

3.53 

1.79 

1.71 

19.74 

?8.37 

45.  40 

20.87 

7.0 

7.4 

1.30 

569  1  . 

3.76 

1  .75 

1.73 

2?. 42 

35.  14 

56.2? 

20.04 

6.4 

5.7 

1.40 

1713. 

3.23 

1.65 

1.73 

24.22 

31.39 

50.23 

20.0? 

7.7 

6.* 

1.50 

5380, 

,    3. 73 

1.79 

1  .69 

Z?.?> 

34.54 

55.26 

?1.46 

6.4 

6.2 

1.60 

4564. 

,     3.66 

1.62 

1.62 

22.92 

34.59 

55.34 

23.88 

6.6 

6.9 

1.9 
1.5 
1.6 
l.» 
1.7 
1.6 
1.4 

1.3 
1.3 

:.s 

l.» 

;  .  3 

i.? 
!.: 
i,? 

1.3 


2.6 
1.8 
1.6 

1.4 

1.5 

1.3 

1.4 

1.5 
1.6 

1.5 

1.4 
1.4 

1.3 
1.3 
1.3 
1.3 
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Data  for  defining  moisture  relations  in  soils — Continued 


H      DEPTH 


RETf-NTtON 

roocE 


volume 

»EIChT 


o/soch  cr      g/cc 


AVERAGE    SOIL 
VOLUHt   «0|SlCMt 
WEIGHT 

G/CC        » 


MOISTURE   ADSORPTION 
RETEMION    CAPACITY 
CAPABILITY 


VOIP         SOIL 
HOIStllOE    MOISTURE 
CAPACITY 

»      MOLECULAR 
LAYERS 
Of  WATER 


vnio 
"OISTUHE 
CAPACITY 

MOLECULAR 

l»Y£HS 
OF    WATER 


OEOHf »°!LITY 


CM/MR 


HANG      SHE         I? 

DATE  1 

9/21/76 

SAMPLE 

MO.         1 

0.10 

35748?. 

5.55 

1.21 

1.21 

4.29 

24.17 

38.68 

45.07 

US 

6.6 

0.20 

13*77?. 

5.13 

1.48 

1.43 

11.50 

40.21 

64.33 

31.97 

2.9 

A.n 

0.30 

69756. 

<..<"• 

1.62 

1.57 

10.90 

30.33 

46. S3 

25.61 

3.6 

6.5 

0.40 

74447. 

4.8' 

1.63 

1.70 

10.75 

30.53 

48.64 

21.13 

3.S 

6.9 

O.SO 

t^^^f. 

4.79 

1.86 

1.78 

11.09 

2Q.81 

47.70 

18.61 

3.7 

6.2 

0.60 

52389. 

4.72 

1.64 

1.73 

12.04 

30.78 

49.25 

20.12 

3.9 

6.5 

0.70 

22904. 

4.36 

1.49 

1.66 

12.85 

26.60 

42.56 

22.39 

4.8 

6.* 

o.eo 

13605. 

4.13 

1  .66 

1.55 

14.92 

27.57 

44.1) 

26.66 

5.* 

9.7 

0.90 

31H. 

3.49 

1.51 

1.57 

17.25 

24.46 

39.14 

26.07 

7.1 

0.7 

1.00 

1442. 

3.16 

1.S3 

1.52 

16.66 

21.35 

34.16 

28.08 

7.9 

3.2 

1.10 

180O. 

3.26 

1.52 

1.48 

12.69 

16.56 

26. SO 

29.72 

7.7 

7.9 

l.?0 

SCO. 

2.73 

1.40 

1  .48 

15.90 

17.66 

26.26 

29.67 

9.0 

6.6 

1.30 

1127. 

3.05 

1.53 

1.45 

14.14 

17.28 

27.65 

31.20 

». 2 

6.1 

1.40 

964. 

2.99 

1.-2 

1.50 

13.23 

15.67 

25.40 

29.07 

A. 3 

6.3 

1.S0 

21?. 

2.33 

1.54 

1.51 

17. 4| 

17.33 

?7.73 

28.65 

10.0 

6.S 

1.60 

7B7. 

2.90 

1.56 

1.53 

12.05 

14.04 

22.46 

?7.47 

9.6 

9.6 

1.T0 

356«. 

3.55 

1.50 

1.62 

12.64 

18.31 

29.30 

23.95 

6.9 

3.1 

1.60 

1630. 

3.21 

1.80 

1.71 

11.95 

15.39 

24.62 

20.74 

7.8 

3.5 

1.90 

9Sfi. 

2.98 

1.83 

1.77 

12.07 

1-1-2 

23.07 

18.87 

6.4 

3.1 

2.00 

1193. 

3.08 

1  .67 

1.70 

14.99 

18.46 

29.54 

21.07 

6.1 

1  .<• 

2.10 

184q. 

3.27 

1.61 

1.59 

14.93 

26.  12 

41  .  79 

25.29 

7.6 

9.7 

2.20 

1931. 

3.29 

1.49 

1.56 

22.76 

30.01 

48.01 

26.34 

7.6 

6. A 

2.30 

1077. 

3.03 

1.59 

1.56 

24.78 

30.10 

48.16 

26.26 

A. 2 

A. 7 

2.40 

°Sl. 

2.98 

1.61 

1.61 

21.87 

26.13 

41.8) 

24.27 

6.4 

9.3 

2.1 

I. A 

1.4 

1.3 
1.3 
1.3 
1.4 
I.S 
1.6 
1.7 
2.0 
1.9 
2.0 
2.0 
1.9 
2.1 
1.7 
1.7 
1.7 
1.6 
1.5 

1.4 
1.4 

1.5 


HANG   SITE     11   OATEI   9/21/76   SAMPLE  NO.    1 


0.10 

126451. 

5.10 

1.23 

.23 

6.37 

26.55 

45.67 

43.60 

2.9 

15.3 

0.20 

38*4?. 

4.59 

1.S3 

.39 

7.01 

16.53 

26.44 

33.97 

4.2 

20.6 

0.30 

49257. 

4.69 

1.3S 

.47 

7.89 

19.83 

31.73 

30.33 

4.0 

15.3 

0.40 

40302. 

4.61 

1.-5 

.4  1 

6.23 

14.81 

23.70 

33.24 

4.2 

22.4 

O.SO 

89030. 

4.95 

1.40 

.50 

6.47 

19.49 

31.19 

26.93 

3.3 

14.8 

0.60 

8678n. 

4.9- 

1.65 

.40 

6.38 

19.03 

30.45 

33.69 

3.3 

17.7 

0.70 

107196. 

5.03 

1.15 

.48 

1C.42 

33.47 

53.55 

29.95 

3.1 

6.9 

0.80 

36574. 

4.56 

1  .63 

.46 

5.25 

12.19 

19. So 

30.97 

4.3 

25.4 

0.90 

52974. 

4.72 

1.58 

.53 

5.17 

13.27 

21.23 

27.51 

3.9 

2T.7 

1.00 

7276. 

3.86 

1.38 

.-» 

6.93 

11.34 

18.15 

29.63 

4.1 

26.3 

1.10 

3850. 

3.59 

1  .48 

.43 

10.59 

15.55 

24.87 

32.16 

4.8 

2".  7 

1.20 

216«. 

3.34 

1.-3 

.37 

12.29 

16.49 

26.38 

35. r7 

7.5 

21.3 

1.30 

680. 

2.9- 

1.21 

.i2 

17.35 

20.52 

32.83 

37. P6 

«.5 

1*.5 

1.40 

211. 

2.32 

1.32 

.41 

19.08 

18.99 

30. 3R 

33.24 

10,0 

17.5 

I. SO 

12». 

2.11 

1  .69 

.52 

17.38 

16.39 

?*>.*? 

27.93 

1*.6 

17. ft 

1.60 

9?. 

1.96 

1.55 

.57 

16.36 

14.91 

23.65 

26.15 

11.0 

17.5 

1.70 

73. 

1.66 

1.45 

.5? 

20.47 

18.22 

29.16 

28.14 

11.2 

15.4 

1.80 

52. 

1.72 

1.S5 

.58 

16.14 

13.91 

22.26 

25.60 

11.6 

l«.* 

1.90 

44. 

1.6- 

1  .  74 

.46 

12. b7 

in. 91 

17.46 

30.57 

11.6 

26.0 

2.00 

32. 

1.51 

1.11 

.36 

21.95 

18.09 

26.94 

35.72 

l'.l 

IP. 7 

2.10 

37. 

1.57 

1.2- 

.26 

16.35 

15.31 

24.49 

41.4| 

12.0 

27.1 

2.20 

19. 

1.27 

1  .44 

.38 

24.62 

19.32 

30.91 

34.50 

12.7 

17.9 

2.30 

55. 

1.74 

1  .47 

.53 

27.25 

23.63 

37.80 

27.73 

11.5 

11.7 

2.40 

52. 

1.72 

1  .67 

.48 

27.50 

23.70 

37.  9? 

29.88 

11.6 

12.6 

2.50 

7. 

0.83 

1.30 

.50 

29.60 

21.35 

34.17 

29. ft- 

13.9 

13.6 

2.60 

19. 

1.27 

1.52 

.43 

31.08 

24.38 

39.01 

32.06 

12.7 

13.2 

2.70 

12. 

1.08 

1  .48 

•  S6 

23.-I 

21.48 

34.37 

26.49 

13.2 

12.3 

2.60 

27. 

1.43 

1.67 

.58 

29.28 

23.73 

37.97 

25.39 

12.3 

10.7 

2.90 

10. 

0.98 

1.61 

.64 

27.97 

20.75 

33.2c 

23.25 

13.5 

11.2 

3.00 

10. 

0.98 

1.64 

.65 

26.18 

19.42 

31.07 

22.83 

13.5 

11.6 

3.10 

16. 

1.20 

1.70 

.70 

28.55 

22.09 

35.34 

20.97 

12.9 

9.S 

1.6 
2.2 

l.A 

2.3 
1.6 
2.0 
1.5 
2.4 
2.2 
2.5 
2.2 
2.2 
2.0 
2.0 
l.o 
2.o 
1.8 
2.0 
2.6 
2.1 
?.S 
2.0 
1.6 
1.7 
1.7 
1.7 
1.7 
1.6 
1.6 
1.5 
1.5 
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Data  for  def ining_moisture  relations  in  soils — Continued 


M   DEPTH     RETENTION   VOLUHF   AVLP/lbE    SOIL       MOISTUDF   AHSODPTTON 
FORCE     »EIOhT   VOLUfc   MOISTURE   hETF'.TION    CAPACITY 
WEIGmI  CAPABILITY 


VOID  SOIL  VMO 

"OISTuPE         MDiSTuPE         WOUTLHE 
Capacity  Capacity 


PEP-FABILITY 


o/soch  fr      c/cc 


G/CC 


MOLECULAR 

LAYERS 
or  WATER 


HOLFCHLAS 

LAYERS 
Of    WATER 


CM/-R 


HANG   SITE 

13   OATEl 

9/21/76 

SAMPLE 

NO.    1 

0.10 

?7kUa  . 

5.44 

1.12 

1.12 

6.46 

31.22 

49.96 

51.95 

7.1 

16.6 

0.20 

120857. 

5.08 

1.26 

1.30 

7.67 

25.71 

41. U 

39.39 

3.0 

15.3 

0.30 

11370(1. 

5.06 

1.51 

1  .44 

8.C5 

26.41 

42.26 

31.94 

3.0 

12.1 

0.40 

6569?, 

-.82 

1.53 

1.50 

e.57 

23.42 

37.47 

29.02 

3.7 

12.4 

o.so 

811*?. 

-.91 

l.tb 

1.51 

9.25 

27.02 

43.24 

26.29 

3.4 

in. 5 

0.60 

B2097. 

4.91 

1.56 

1.48 

8.53 

24.99 

39. 9« 

29. «1 

3.4 

11.9 

0.70 

57799. 

4.76 

1  ."3 

1.52 

9.46 

24.  88. 

39. 8n 

28.09 

3.8 

11.3 

0.80 

71231. 

«..as 

1.57 

1.52 

9.58 

26.83 

42.93 

27.9* 

3.6 

10.4 

0.90 

62131. 

••.79 

1.57 

1.55 

8. S3 

23.85 

38.16 

26.66 

3.7 

1).? 

1.00 

4223a. 

4.63 

1.52 

1.-7 

8.70 

20.96 

33.53 

30.31 

4.2 

14.5 

1.10 

40353. 

".61 

1.32 

1.52 

9.04 

21.51 

34.4J 

28. PI 

4.2 

13.0 

!.?0 

J857B. 

-.59 

1.73 

1.53 

9.48 

22.30 

35.68 

27.53 

4.3 

12.3 

1.30 

24873. 

-..0 

1.55 

1.60 

10.64 

2?. -4 

35.91 

24.75 

4.  7 

11.0 

1.40 

2316-. 

-.3<- 

1.52 

1.53 

10.68 

22.  16 

35.-5 

27.53 

4.8 

12.4 

1.50 

19C30. 

4.23 

1.52 

1.41 

11.85 

23.53 

37.6- 

32.98 

5.0 

14.0 

1.60 

17161. 

4.23 

1.20 

1.43 

10.9 

21.24 

33.99 

32.4- 

5.2 

15.3 

1.70 

170fc7. 

4,25 

1.55 

1.38 

11.41 

22.33 

35.7? 

3-.73 

5.1 

15.6 

J.bO 

13717. 

4.1- 

1.39 

1.51 

12.22 

22.62 

34.19 

28.68 

5.4 

12.7 

1.90 

9791  . 

3.99 

1.58 

1.43 

12.34 

21.35 

34.16 

32.11 

5.8 

14.0 

2.00 

1  1-47. 

4.06 

1.33 

1.45 

1  1.79 

21  .04 

33.67 

31.40 

5.6 

14.9 

2.10 

1319?. 

"••12 

1.43 

1.3B 

12.50 

22.95 

36.7) 

34.63 

5.4 

15.1 

2.20 

1106S. 

-.0- 

1.3U 

1.45 

13.21 

23.  42 

37.-7 

31.01 

5.6 

13.2 

2.30 

110-?. 

4,0- 

1.55 

1.50 

12.30 

21.79 

34.86 

?8.96 

5.6 

13.3 

2.40 

11657. 

4.07 

1.57 

1.57 

11.90 

21.31 

34.1fl 

26. n? 

5.6 

12.2 

MA*G 


5   SITE 

14   OATEl 

9/21/76 

SAMPLE 

NO.   1 

0.10 

57607. 

4.76 

0.89 

0.89 

6.11 

14.05 

75.68 

74.81 

3.8 

46.6 

0.20 

30547. 

4.1.8 

1.45 

1.34 

8.21 

18.19 

29.10 

36.  91 

4.5 

20.3 

0.30 

2bl3l. 

4.-2 

1  .68 

1.61 

9.15 

19.53 

31.26 

24.31 

4.7 

12.4 

0.40 

22 18-. 

4.35 

1.71 

1.60 

S.13 

16.70 

26.72 

24.4- 

4.9 

14. «J 

0.50 

1-266. 

4.15 

I  .-0 

1.62 

8.78 

16.38 

26.21 

23.89 

5.4 

14.6 

0.60 

6875. 

3.8- 

1.76 

1.62 

10.16 

16.-6 

24.34 

24.17 

*.2 

14.7 

0.70 

164S. 

3.22 

1.68 

1.75 

13.60 

17. '52 

28.03 

19.-6 

7.8 

11.1 

0.80 

10-3. 

3.02 

1  .80 

1.73 

16.2- 

22.06 

35.29 

20.71 

8.3 

9.2 

0*90 

87s. 

2.9- 

1.69 

1.71 

17.21 

20.33 

32.53 

20.8- 

6.5 

1".3 

1.00 

983. 

2.99 

1.63 

1.61 

16.-2 

19.70 

31.52 

24.  ?• 

4.3 

17.3 

1.10 

1304. 

3.12 

1.51 

1.63 

21.17 

26.-0 

47.2- 

23.6  1 

9.0 

6.9 

1.20 

1558. 

3.19 

1  .75 

1.66 

18.83 

2-  .08 

38.5? 

22.6* 

7.8 

9.4 

1.30 

817. 

2.91 

1.71 

1.75 

19.2- 

22.S3 

36.  C5 

19.35 

6.5 

6.6 

1.40 

1572. 

3.20 

1  .60 

1.7- 

2".  31 

25.99 

41.59 

19.82 

7.8 

7.6 

1.50 

1316. 

3.12 

1.70 

1.73 

16.21 

22.73 

36.37 

20.01 

4.0 

6.8 

1.60 

67]. 

2.~3 

1.69 

1.87 

18.26 

20.85 

33.36 

15.^9 

».8 

7.5 

1.70 

565. 

2.75 

2.22 

1.86 

17.09 

15.09 

30.55 

15.93 

9.0 

«.3 

1.80 

337. 

2.53 

1  .68 

1.97 

15.83 

16.62 

26.59 

13. CI 

9.5 

7.8 

1.90 

216. 

2.33 

2 .  .M 

1.86 

16.87 

16.63 

26.93 

16.03 

10.0 

9.5 

2.00 

267. 

2.<.3 

1  .89 

1  .94 

16.05 

17.02 

27.23 

13.72 

9.8 

6.1 

2.10 

1489. 

3.17 

1.91 

1.85 

19.3- 

24.57 

39.31 

16.-3 

7.9 

6.7 

2.20 

1733. 

3.24 

1.72 

1.92 

20.52 

26.63 

42.61 

14.76 

7.7 

5.4 

2.30 

1671. 

3,22 

2.  12 

1.79 

18.-4 

23.  t] 

38.09 

18.25 

7.7 

7.7 

2.40 

1060. 

3.03 

1.52 

1.52 

17.66 

21.-1 

34.25 

28.06 

6.3 

13.1 

3.7 
2.1 

1.7 
1.6 
1.8 
1.6 
1.6 
1.5 
1.5 
1.7 
1.5 
1.5 

1.4 
1.4 
1.4 
1.4 
1.4 
1.4 
1.5 
1.4 
1.3 

1.2 

1.4 

1.7 


SITE 

18   DA1E' 

9/21/76 

SAMPLE 

NO.    1 

0.10 

19843?. 

5.30 

1  .44 

1.44 

3.52 

14.50 

23.20 

31.59 

?.* 

21.8 

0.20 

61506. 

4.79 

1.48 

1.44 

6.02 

16.13 

25.81 

31.73 

3.7 

19.7 

0.30 

55749. 

4.  75 

1.39 

1.36 

5.29 

13.73 

21.97 

3-.97 

3.8 

7S.5 

0.40 

5543?. 

4.  7- 

1.25 

1.55 

4.97 

12.92 

20.67 

26.65 

3.8 

20.6 

0.50 

5512R. 

-.  74 

2.02 

1.70 

5.09 

13.20 

21.12 

21.12 

3.9 

16.0 

0.60 

4406A. 

4.6- 

1.83 

1.62 

7.-6 

18.19 

79.10 

17.35 

4.1 

9.5 

0.70 

27235. 

-  .-4 

1.60 

1.76 

12.50 

26.9- 

43.10 

19.1- 

4.6 

7.1 

0.60 

29456. 

4.1.7 

1.84 

1.7- 

9.98 

21.92 

35.07 

19.62 

6.6 

9.0 

0.90 

20981 . 

-.3.' 

1.79 

1.8- 

9.30 

16.88 

30.20 

16.75 

4.9 

8.9 

1.00 

12962. 

-.  11 

1  .87 

1.79 

B.74 

15.99 

25.59 

18.10 

5.5 

11.3 

1.10 

6660. 

3.62 

1.71 

1.78 

10.63 

17.13 

27.-1 

18.51 

6.2 

10.8 

1.20 

2676. 

3.-3 

1.75 

1.7? 

11.10 

15.37 

24.59 

20.31 

7.7 

13.7 

1.30 

280- . 

3.-5 

1.71 

1.7- 

4.56 

6.36 

10.18 

19.58 

'.2 

30.8 

1.-0 

307P. 

3.-9 

1  .78 

1.73 

6.39 

9.03 

14.-5 

20. r». 

7.1 

27.7 

1.50 

2113. 

3.32 

1.70 

i.6a 

6.37 

8.51 

13.61 

21.83 

7.5 

75.7 

1.60 

2094. 

3.32 

1.55 

1.55 

6. 69 

9.  19 

14.71 

26.61 

7.S 

78.9 
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Data   for   defining   moisture    relations    in   soils — Continued 


1.30  896.  2.95  1.56  1.55  1-.16  If..??  76.85  ?6.«-4  8.4  15.9  1.9 

1.40  1063.  3.03  1.61  1.66  10.71.  13.03  70.83  23.3?  8.7  1».0  2.0 

1.50  1533.  3.19  1 .  Ti.  1.60  9.6*  12.55  20.09  26.60  7.8  19.6  2.1 

1.60  957.  2.98  1. 46  1.64  8.82  10.54  16.67  23.34  8.4  2?.l  2.3 


M      DEPTH  RETENTION      VOLUME      AVLOAGE         SOIL  MOISTURE      A05OPPTI0N  VOID  SOIL  VOID  PERMEABILITY 

FORCE  HEIGHT      VOLO^t      MOISlU«E      RlTfNTION         CAPACITY  MOISU'«E         MJiSTuRE  "OUTURF 

trEIGM.1  CAPABILITY  CAPACITY  CAPACITY 

«  6/SOc*      Pr         G/CC  G/CC  tit  t  HOl'Clilap  "OLEd/LAB  CM/MR 

L»»EBS  LAYERS 

OF    »»7CR  Of    WATER 


HANG      SITE         IS      0*Ttl      9/21/76      SAMPLE    NO.       I 

0.10         19352».    5.29      1.12            1.12                3.75                 15.21  2*.»»  51.79  ?.5  33.9  3.f 

0.20           47946.    4.48       1.66            1.33              11.06                27. S9  44.14  37.20  4.0  13.5  1.7 

0.30             5091.0.     «..71        l.i.5              1.44                10. 54                   26.71.  42.79  31.55  3.9  11.8  1.6 

0.40           4038?.    4.61       l.i.i.           J.i.9                9.5k                 22.70  36.32  29.1.2  4.2  13.0  1.7 

0.50           45496.    4.66      1.57            1.57                8.28                20.35  32.56  26.15  4.1  12.8  1.7 

0.60             37596.     6.58        1.68              1.62                   8.05                    18.80  30.00  74.01  4.3  12.8  1.7 

0.70             331.23.     4.52       1.61              1.60                   8.02                   18.18  29.01  74.70  4.4  13.6  1.7 

0.60            3043?.    4.4H       1.52            1.53                8.83                 19.55  31.71  27.45  4.5  U.O  1.8 

0.90           2155?.    4.33       1.4H            1.50              10.19                20.80  33.28  29.04  4.9  14.0  1.8 

1.00              6317.    3.00       1.50            1.51               12.01                 19.16  30.66  28.30  6.3  14.8  1.8 

1.10              257?.    3.41       1.57            1.52              12.22                 16.82  26.91  28.03  7.3  16.7  1.9 

1.20                 1376.     3.14        1.49              1.54                 14.62                    18.37  29.39  27.16  8.0  14.8  1.8 

? 

I 

1 .70       800.  2.90   1.71     1.S9      10.58       12.35  19.76  25. C5  «.6  2f.3  2.1 

1.80        576.  2.76   1.61      1.66       11.62        13.2-  21.18  ??.*6  8.9  17.1  1.9 

1.90        682.  2.83   1.65      1.63       13.64        15.60  24.97  23. t*  8.7  15.2  1.8 

2.00       623.  2.79   1.62     1.67       8.29        9.38  15.00  22.17  8.6  23.6  2.3 

2.10        25(1.  2...0   1.73      1.67       10.95        11.11  17.78  22.17  9.9  19.9  2.1 

2.20       217.  2.34   1.65     1.64       9.96        9.94  15.91  73.10  10.0  23.2  2.3 

2.30       200.  2.32   1.55     1.66      16.73       16.63  26. 6|  22.66  l».l  13.6  1.7 

2.40       619.  2.79   1.77     1.77      17.50       19.78  31.64  18.76  8.8  9.5  1.5 

HANG   SITE    16   DATEl   9/21/76   SAMPLE  NO.   I 

32.27     m          51.63  63.61  ?.o  19.7  2.1 

27.90  44.64  36.47  ?,8  13.1  I.T 
28.02  44.83  28.92  3.1  in. 3  1.5 
22.42  35.68  25.6?  3.6  11.4  J. 6 
19.59  31. 3S  ?6.f8  3.5  13.3  |.7 

27.40  35.83  73.20  3.4  Jr. 4  1 .s 

20.56  32.90  28.15  3.6  13.7  1.7 
28.67  45.87  29.04  3.S  10. 1  1.5 

26.41  42.25  32.06  3.4  l?.l  1.6 

18.57  29. 7|  32.55  4.1  17.5  2.0 
21.36  34.18  32.02  4.2  15.0  1.8 
21.76  34.81  31.34  4.3  14.4  t.8 
23.07  36.91  77. Pi  4.6  12.1  1.6 
23.13  37.00  26.15  4.6  11.3  1.6 
24.39  39.0?  25.38  4.7  lr.4  |.s 
22.93  36.68  24.01  5.1  1C.5  1.5 
24.16  38.66  21.01  4.9  8.7  1.4 

23.91  38.21.  21.74  5,o  9.1  1.5 
23.95  38.33  22.77  5.5  9.5  1.5 
23.54  37.66  ?7.74  5.5  11.8  1.6 
21.95  35.1?  26.36  S.8  12.0  1.6 
22.69  36.31  28.21  6.0  12.5  1.7 
21.26  34.01  25.17  6.2  11.8  1.8 
16.67  26.67  21.48  6.4  12.9  1.7 


17.51  28.02  66.1«  ?.5  37. T  3.» 

21.21  33.93  32.68  3.5  15.4  1.8 

19.00  30.40  31.37  3.9  16. S  |.9 

20.19  32.30  40.00  4.6  19. 6  ?    1 

19.19  30.70  49.57  4.3  ?s.C  7.5 

22. 8S  36.55  43.19  4.5  18.9  7.1 

19.47  31.15  36.37  4.9  IP. 7  2.0 

1R.28  29.25  77.55  6.1  15.1  1    t 

18.03  28.93  21.46  7.2  n.9  i>6 

16.35  ?9.37  18.15  7.8  9.9  1    5 

11.15  29.05  17.08  7.6  9.4  1.5 

"•"  35.21  14. 4«  7.2  6.6  1.3 

23.09  36.94  10.83  7.4  4.7  1    ? 


0.10 

280330. 

5.45 

0.99 

0.99 

6.6P 

0.20 

1369pm. 

5.14 

1.52 

1.3S 

7.93 

0.30 

106110. 

5.03 

1.53 

1.50 

8.76 

0.40 

71587. 

4.<)5 

1.44 

1.58 

7.99 

0.50 

78324. 

4.  B'V 

1.76 

1.57 

6.79 

0.60 

8308?. 

4.92 

1.50 

1  .66 

7.61 

0.70 

68531. 

4.A6 

1.67 

1.52 

7.43 

0.80 

77133. 

6.89 

1.39 

1.50 

9.98 

0.90 

60-2?. 

4.^1 

1.44 

1.63 

9.07 

1.00 

42346. 

4.6J 

1.47 

1.42 

7.70 

1.10 

41766. 

4.62 

1.36 

1.63 

8.89 

1.20 

36680. 

4.56 

1.47 

1.45 

9.37 

1.30 

29264. 

6.47 

1.52 

1.5? 

10.52 

1.40 

2734H. 

4  ,  !•(. 

1.59 

1.57 

10.72 

1.5P 

25207. 

4.1.0 

1.59 

1.5« 

11.5? 

1.60 

1726*.. 

4.76 

1.57 

1.62 

11.80 

1.70 

2073?. 

4.3? 

1.69 

1.70 

11.94 

1.80 

19309. 

4.^9 

1.84 

1.66 

12.01 

1.90 

1237?. 

4.T9 

1.51 

1.65 

13.22 

2.00 

12925. 

4.11 

l.bl 

1.53 

12.87 

2.10 

929o. 

3.97 

1.46 

1.56 

12.81 

2.20 

8073. 

3.91 

1.61 

1.51 

13.60 

2.30 

6560. 

3. 82 

1.47 

1.59 

13.23 

2.40 

5351. 

3.73 

1.69 

1.69 

10.75 

i   SITE 

17   DATE! 

9/21/76 

SAMPLE 

NO.   1 

0.10 

183659. 

5.26 

0.96 

0.96 

4.4) 

0.20 

78523. 

4.89 

1.66 

1.42 

7.34 

0.30 

55193. 

4.  74 

1.64 

1.45 

7.32 

0.40 

3366c. 

4. S3 

1.04 

1.29 

8.89 

0.50 

356)5. 

4.55 

1.18 

1.15 

8.33 

0.60 

30866. 

4,49 

1.21 

1.24 

10.26 

0.70 

20851. 

4.32 

1.31 

1.35 

9.61 

0.80 

7155. 

3.85 

1.52 

1.53 

11.20 

0.90 

2674. 

3.43 

1.76 

1.69 

13.06 

1.00 

1600. 

3.20 

1.79 

1.79 

14.30 

1.10 

1830. 

3.26 

1.82 

1.8? 

13.88 

1.20 

267c,. 

3.  -3 

1.87 

1.92 

15.69 

1.30 

2364. 

3.37 

2.06 

2.06 

16.99 
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APPENDIX  I 


System  for  Describing  Geographic  Locations 

Wells  and  sites  described  in  this  report  are  specified  by  location 
according  to  the  General  Land  Office  system  of  land  subdivision.   The 
first  three  characters  of  the  location  code  specify  the  Township  South, 
S,  of  the  Montana  base  line;  the  next  three,  the  Range  East,  E,  of  the 
principal  meridian  Montana.   The  next  two  characters  specify  the  section 
number  within  the  township.   The  final  four  letters  specify  the  location 
within  the  quarter  section  (160-acre  tract),  the  quarter-quarter  section 
(^O-acre  tract),  the  quarter-quarter-quarter  section  (10-acre  tract),  and 
the  quarter-quarter-quarter-quarter  section  (2  1/2-acre  tract). 
Subdivisions  of  a  section  are   designated  A,  B,  C,  and  D  in  a  counterclockwise 
direction,  beginning  in  the  northeast  quadrant.   For  example,  a  well 
numbered  08S4AE22DCDB  would  be  located  in  the  NW  \/k   of  the  SE  ]/k   of 
the  SW  1/4  of  the  SE  1A  of  Section  22,  Township  8  South,  Range  kk    East. 
If  more  than  one  well  is  located  within  the  same  2  1/2-acre  tract, 
consecutive  digits  are  added  to  the  end  of  the  location  number. 


j 
j 

27^  j 


Well    08S44E22DCDB 


*0 


Appendix  I.  System  for  Describing  Geographic  Locations. 
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APPENDIX  J 


Lithologic  Logs  of  Drill  Holes 


[Land-surface  altitudes  are  referenced  to  mean  sea  level  datum.   Depth 
of  drill  hole  and  depth  to  water  are  reported  in  feet  below  land  surface. 
Depth  of  drill  hole  is  reported  to  the  nearest  foot  where  the  samples 
were  cuttings  and  to  the  nearest  0.1  foot  where  the  samples  were  cores.] 
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Test  well:   HWC-02 
Location:   09S43E03CDDA1 
Date  drilled:   5-13-74 


Land-surface  altitude:   3,542  ft 
Total  depth:   296  ft 
Depth  to  water:   63  ft 
Sample  source:   cuttings 


Water-well  construction  notes: 


Hole  drilled  with  air  and  water  circulation; 
cased  with  4-inch  plastic  pipe  perforated 
from  273  to  290  feet;  formation  packer  at 
270  feet. 


Depth 

0-10 
10-11 
11-16 
16-22 
22-32 
32-37 

37-46 
46-48 
48-76 

76-77 

77-88 

88-91 

91-92 

92-96 

96-97 

97-104 

104-107 

107-112 

112-113 

113-114 

114-117 

117-118 

118-119 

119-120 

120-121 

121-122 

122-124 

124-128 

128-138 

138-139 

139-148 

148-153 
153-169 
169-171 


Lithologic  description 

Silt  and  clay,  yellow;  some  small  pebbles 

Silt  and  sand,  fine,  light-brown 

Siltstone,  moderately  resistant 

Silt  and  clay,  red,  light-brown 

Sand  and  silt,  very  fine,  poorly  consolidated,  buff 

Sand  and  silt,  very  fine  with  considerable  clay, 
brown 

Clay,  sandy  and  silty,  grayish-brown 

Siltstone,  resistant 

Clay,  slightly  silty,  heavy,  grayish-brown;  thin  sand- 
stone and  siltstone  interbeds,  some  coal 

Coal 

Clay,  silty  with  coal  streaks,  grayish-brown 

Shale,  carbonaceous 

Shale,  clayey,  brown 

Coal 

Clay,  plastic,  gray 

Coal 

Clay,  slightly  silty,  plastic,  gray 

Siltstone,  moderately  resistant,  light-gray 

Shale,  slightly  silty,  gray 

Coal 

Shale,  slightly  silty,  gray 

Siltstone,  resistant,  dark-gray 

Siltstone,  very  clayey,  soft,  brown 

Siltstone,  resistant 

Shale,  dark-grayish-brown 

Shale,  carbonaceous 

Coal 

Shale,  very  clayey,  gray,  with  some  siltstone  interbeds 

Siltstone,  clayey,  soft,  gray 

Coal 

Shale,  slightly  silty,  gray;  becomes  siltier  with  depth, 
some  carbonaceous  partings 

Siltstone,  very  clayey,  brown-buff 

Shale,  silty,  dark-gray;  some  coal  (possible  caving) 

Siltstone,  soft,  white-cream 
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Test  well  HWC-02 — continued 

171-174  Siltstone,  soft,  yellowish-brown 

174-179  Shale,  very  silty,  soft,  dark-gray 

179-184  Coal 

184-195  Shale,  very  clayey,  some  silt,  light-gray,  with  carbonaceous 

partings  abundant  to  187  ft 

195-196  Shale,  carbonaceous,  some  coal 

196-199  Coal 

199-209  Shale,  very  silty,  gray 

209-210  Siltstone,  resistant 

210-211  Sandstone,  medium-grained,  yellow 

211-212  Siltstone,  resistant,  dark-gray 

212-217  Shale,  silty,  gray 

217-218  Siltstone,  moderately  resistant,  gray 

218-227  Siltstone,  less  resistant,  gray 

227-230  Siltstone,  moderately  resistant,  slightly  shaley,  gray 

230-253  Shale,  silty,  clayey  with  some  resistant  siltstone  inter- 
beds,  fairly  soft,  gray 

253-255  Shale,  silty,  clayey,  soft,  tan 

255-257  Clay,  plastic,  gray 

257-268  Clay,  silty,  less  cohesive,  gray 

268-270  Clay,  very  silty,  poorly  consolidated,  buff 

270-272  Siltstone,  moderately  resistant 

272-291  Coal  (Canyon) 

291-296  Siltstone,  soft,  gray 
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Test  well:   HWC-03  —    Land-surface  altitude:   3,539  ft 

Location:   09S43E03CDDA2  Total  depth:   108  ft 

Date  drilled:   5-14-74  Depth  to  water:   36  ft 

Sample  source:   cuttings 

Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from  91 
to  104  feet;  formation  packer  at  89  feet. 

Depth  Lithologic  description 

0-10  Silt  and  clay,  light-yellow-brown 

10-14  Siltstone,  silt,  and  sand,  fine-grained,  grayish-brown 

14-22  As  above,  slightly  clayey 

22-27  Silt  and  sand,  very  fine-grained,  unconsolidated,  light-brown 

2  7-33  Silt  and  clay,  medium-dark-brown 

33-44  Silt  and  clay,  gray-brown 

44-45  Siltstone,  resistant 

45-79  Silt  and  clay,  soft,  dark-gray 

79-80  Coal  and  shale,  carbonaceous 

80-87  Shale,  silty,  dark-gray 

87-91  Shale,  carbonaceous 
91-95           .  Coal 

95-96  Shale,  very  clayey,  light-gray 

96-105  Coal 

105-108  Shale,  very  clayey,  gray 
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Test  well:   HWC-15 
Location:   09S43E22ACCA 
Date  drilled:   8-4-76 


Land-surface  altitude:   3,595  ft 
Total  depth:   129  ft 
Depth  to  water:   31  ft 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
100  to  126  feet,  formation  packer  at  97  feet. 


Depth 

0-2 

2-4 

4-7 

7-9 

9-12 
12-15 
15-22 
22-39 
39-40 
40-43 
43-51 
51-54 
54-61 
61-73 
7  3-100 
100-126 
126-129 


Lithologic  description 

Soil,  clayey,  brown 

Clay,  brown 

Clay,  light-gray 

Siltstone,  very  hard,  gray 

Silt  and  clay,  olive-brown 

Sand,  silty,  brown 

Clay,  dark-brown 

Clay  and  silt,  silty,  gray  with  carbonaceous  material 

Siltstone,  hard 

Clay,  gray 

Clay,  silty,  gray  with  carbonaceous  partings 

Clay,  carbonaceous 

Sandstone,  very  fine  grained,  loosely  cemented,  gray 

Silt,  gray 

Clay  and  some  silt,  very  carbonaceous 

Coal  (Anderson) 

Clay,  brownish-gray 
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Test  well:   HWC-16 
Location:   09S43E27DABB 
Date  drilled:   8-9-76 


Land-surface  altitude: 
Total  depth:   375  ft 
Depth  to  water:   59  ft 
Sample  source:   cuttings 


3,645  ft 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
343  to  370  feet;  formation  packer  at  337  feet. 


Depth 

0-2 
2-21 

21-25 

25-38 

38-47 

47-58 

58-64 

64-66 

66-74 

74-82 

82-153 

153-154 

154-156 

156-159 

159-176 

176-178 

178-206 

206-209 

203-211 

211-214 

214-220 

220-232 

232-251 
251-254 
254-260 
260-265 
265-270 
270-282 
282-283 
283-343 
343-370 
370-375 


Lithologic  description 

Soil,  clayey,  brown 

Sandstone,  fine-grained,  silty,  very  hard,  highly 

calcareous,  light-gray 
Silt,  light-brown 
Clay,  dark-gray 
Clay,  silty,  dark-gray 
Shale  with  gypsum,  dark-gray 
Sand,  silty,  dark-gray 
Coal 

Shale,  carbonaceous,  gray 
Sand,  silty,  gray 

Shale,  carbonaceous,  interbedded  with  sand,  dark-gray 
Coal 

Clay,  oxidized  (carbonaceous  shale) 
Coal 

Shale,  carbonaceous,  brown 
Siltstone,  hard,  light-gray 

Shale,  silty,  carbonaceous  with  few  sandstone  lenses,  gray 
Coal 
Shale 
Coal 

Shale,  silty 
Siltstone,  with  alternating  hard  ledges  of  limy  siltstone, 

gray 
Claystone,  silty,  gray 

Sandstone,  silty,  well-cemented,  hard,  gray 
Sandstone,  poorly  cemented 
Shale,  with  calcite  crystals,  dark-gray 
Siltstone 
Shale,  dark-gray 
Coal 

Claystone,  highly  carbonaceous,  gray 
Coal  (Anderson) 
Shale,  carbonaceous 
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Test  well:   HWC-17 
Location:   09S43E13BDBB 
Date  drilled:   8-10-76 


Land-surface  altitude:   3,604  ft 
Total  depth:   82  ft 
Depth  to  water:   51  ft 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
51  to  77  feet;  formation  packer  at  46  feet. 


Depth 

0-14 
14-21 
21-28 
28-33 
33-45 

45-53 
53-77 
77-82 


Lithologic  description 

Soil,  silty,  and  silt,  tan 

Silt,  grayish-tan 

Sand,  clayey,  gray 

Sand,  fine,  brown 

Shale,  dark-gray,  with  some  carbonaceous  material  and 

gypsum 
Shale,  very  carbonaceous,  weathered;  coal,  51-53  feet 
Coal  (Anderson) 
Clay,  gray 
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Test  well:   HWC-18 
Location:   09S44E08BDDC 
Date  drilled:   8-11-76 


Land-surface  altitude:   3,670  ft 
Total  depth:   243  ft 
Depth  to  water:   22  ft 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
216  to  239  feet;  formation  packer  at  211  feet. 


Depth 

0-2 

2-8 

8-14 

14-27 

27-36 

36-44 

44-48 

48-56 

52-57 

57-89 

89-90 

90-110 

110-121 

121-123 

123-131 

131-166 

166-167 

167-172 

172-173 

173-206 

206-239 

239-243 


Lithologic  description 

Silt,  brown 

Colluvium 

Clay,  reddish-brown 

Sandstone,  tan 

Clay,  silty,  gray 

Shale,  medium-gray 

Clay,  sandy  gray 

Clay,  gray,  with  carbonaceous  material 

Coal 

Shale,  gray 

Coal 

Shale  and  silt,  interbedded,  gray 

Sandstone  and  silt,  fine-grained 

Siltstone,  hard,  gray 

Sandstone,  fine-grained,  well-cemented 

Shale,  gray 

Coal 

Shale,  carbonaceous 

Coal 

Shale,  carbonaceous,  gray 

Coal  (Anderson) 

Shale,  carbonaceous,  brownish-gray 
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Test  well:   HWC-19 
Location:   09S44E16ACCB 
Date  drilled:   8-13-76 


Land-surface  altitude: 
Total  depth:   183  ft 
Depth  to  water:   100  ft 
Sample  source:   cuttings 


3,800  ft 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated 
from  148  to  178  feet;  formation  packer  at 
143  feet. 


Depth 

0-1 
1-9 

9-18 

18-22 

22-26 

26-27 

27-30 

30-34 

34-53 

53-56 

56-63 

63-74 

74-82 

82-93 

93-120 

120-128 

128-132 

132-148 

148-178 

178-183 


Lithologic  description 

Colluvium 

Sandstone,  very  fine  grained,  tan,  with  interbedded 

brown  clay 
Silt,  brown 
Clay,  grayish-brown 
Shale,  bluish-gray 
Coal 

Shale,  bluish-gray 

Shale,  "smutty,"  gray,  with  carbonaceous  streaks 
Shale,  silty,  bluish-gray 
Shale,  silty,  with  carbonaceous  material 
Siltstone,  hard,  gray 
Sand,  very  fine,  clayey 
Sand,  very  fine,  and  silt,  gray 
Shale,  very  carbonaceous 
Silt,  gray 

Sandstone,  very  fine  grained,  gray 
Shale,  gray 
Shale,  carbonaceous 
Coal  (Anderson) 
Siltstone,  gray 
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Test  well:   HWC-20 
Location:   09S44E07ADCD 
Date  drilled:   8-20-76 


Land-surface  altitude: 
Total  depth:   132  ft 
Depth  to  water:   58  ft 
Sample  source:   core 


3,676  ft 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
93  to  122  feet;  formation  packer  at  89  feet. 


Depth 

0-4 
4-10 
10-20 
20-21.5 

21.5-24 
24-26 
26-30 
30-33 
33-34 
34-36.5 

36.5-45.5 

45.5-50.5 
50.5-51 

51-58.5 
58.5-66 


66-66.3 
66.3-67 

67-71 

71-81 

81-93 

93-122 
122-122.5 
122.5-127 
127-128 
128-129 
129-132 


Lithologic  description 

Soil,  silty,  and  silt,  tan 

Sand,  clayey,  brown 

Sandstone,  soft,  brownish-gray 

Limestone,  dirty,  gray 

Claystone,  tan 

No  recovery 

Clay,  silty,  steel-gray 

Clay,  steel-gray,  with  very  thin  sandstone  streaks 

No  recovery 

Clay,  steel-gray,  with  silt  in  thin  laminae 

Sandstone,  very  fine  grained,  gray,  with  1  foot  oxidized 

yellowish-red  zone  at  38  ft 
Clay,  gray,  carbonaceous  from  48  ft  through  50  ft 
Coal 

Sandstone,  fine-grained,  gray,  with  carbonaceous  material 
Shale,  very  carbonaceous,  with  few  coal  partings  and 

numerous  fossils,  gastropods,  cephalopods,  and  plant 

material 
Coal 

Clay,  carbonaceous,  gray 
Clay,  silty,  gray 
Shale,  carbonaceous,  black 
Shale,  silty,  gray 

Coal  (Anderson),  parting  at  119.5-120  ft 
Clay,  carbonaceous 

Sandstone,  fine-grained,  with  carbonaceous  laminae,  gray 
Clay,  carbonaceous 
Sandstone,  fine  grained,  gray 
Clay,  carbonaceous 
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Test  well:   HWC-21 
Location:   09S43E02BBB1 
Date  drilled:   8-27-76 


Land-surface  altitude:   3,665  ft 
Total  depth:   217  ft 
Depth  to  water:   168  ft 
Sample  source:   core 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
200  to  211  feet;  formation  packer  at  196  feet. 


Depth 

0-7 
7-14 
14-17 
17-20.5 
20.5-21 
21-23 
24-32 

32-33 
33-42 
42-46 
46-58 

58-61 
61-63 

63-91 

91-94 
94-105 

105-113 
113-143 
143-147 
147-162 

162-167 
167-168 
168-200 
200-211 
211-213 
213-217 


Lithologic  description 

Sandstone,  very  fine  to  fine-grained,  grayish-tan 

Sandstone,  very  fine  grained,  silty,  gray 

Sandstone  (as  above),  oxidized,  reddish-brown 

Sandstone,  very  fine  grained,  gray 

Coal 

Clay stone,  with  some  carbonaceous  material,  dark-gray 

Shale,  silty,  carbonaceous,  with  numerous  plant  impressions, 

with  depth  goes  to  siltstone  and  back  to  shale 
Sandstone,  very  fine  grained,  gray 
Siltstone,  gray 
Claystone  and  shale,  gray 
Clay,  carbonaceous,  brown,  with  coal  streaks  at  46.5  to 

48  ft,  51.5  to  52  ft,  55.5  to  56  ft 
Sandstone,  very  fine  grained,  gray 
Sandstone,  becoming  clayey  at  62  ft;  becomes  shale  for 

0.5  ft,  then  back  to  clayey  sandstone 
Sandstone,  fine  grained,  poorly  cemented;  better  cementation 

below  78  ft 
Limestone,  very  hard,  gray 
Sandstone,  very  fine  grained,  with  occasional  carbonaceous 

material,  gray 
Shale,  carbonaceous 
Coal  (Anderson) 
Shale,  carbonaceous,  brown 
Sandstone,  very  fine  grained,  well  cemeted  between  159  and 

162  ft,  gray 
Siltstone,  gray 
Claystone,  hard,  brown 

Clay,  silty,  grayish-brown;  thin  coal  near  173  ft 
Coal  (Dietz) 

Clay,  carbonaceous,  brown 
Shale,  light-gray 
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Test  well:   HWC-22 
Location:   09S43E02BBBB2 
Date  drilled:   8-27-76 


Land-surface  elevation:   3,665  ft 
Total  depth:   145  ft 
Depth  to  water:   127  ft 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
113  to  143  feet;  formation  packer  at  109  feet. 


Depth 

0-7 
7-14 
14-17 
17-20 
20-21 
21-23 
23-24 
24-32 
32-33 
33-42 
42-46 
46-58 
58-61 
61-63 

63-91 

91-94 
94-105 

105-113 
113-143 
143-145 


Lithologic  description 

Sandstone,  very  fine  to  fine-grained,  grayish-tan 

Sandstone,  very  fine  grained,  silty,  gray 

Sandstone,  as  above,  oxidized,  reddish-brown 

Sandstone,  very  fine  grained,  gray 

Coal 

Claystone,  dark-gray,  with  some  carbonaceous  material 

Claystone,  buff;  clay,  silty,  gray;  and  shale,  carbonaceous 

Shale,  silty,  carbonaceous,  with  numerous  plant  impressions 

Sandstone,  very  fine  grained,  gray 

Siltstone,  gray 

Claystone  and  shale,  gray 

Clay,  carbonaceous,  brown,  with  coal  streaks 

Sandstone,  very  fine  grained,  gray 

Sandstone,  becoming  clayey  at  62  ft;  becomes  shale  for 
0.5  ft,  then  back  to  clayey  sandstone 

Sandstone,  fine  grained,  very  poorly  cemented,  gray  with 
coal  streaks  at  85  to  86  ft  and  87  to  88  ft 

Limestone,  very  hard,  gray 

Sandstone,  very  fine  grained,  gray,  with  occasional  carbon- 
aceous material 

Shale,  very  carbonaceous 

Coal  (Anderson) 

Shale,  carbonaceous,  brown 
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Test  well:   HWC-23 
Location:   09S44E06BBBB1 
Date  drilled:   9-4-76 


Land-surface  altitude:   3,720  ft 
Total  depth:   172  ft 
Depth  to  water:   139  ft 
Sample  source:   core 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
138  to  167  feet;  formation  packer  at  135  feet. 


Depth 

0-8 
8-14 
16-26 
26-30 
30-33 
33-45 
45-45.5 

45.5-52 
52-57.2 

57.2-62 
62-65 
65-79 
79-79.5 

79.5-87 
87-96 

96-110 
110-138 
138-167 
167-168 
168-171 
171-172 


Lithologic  description 

Siltstone,  some  clayey  silt,  limy? 

Claystone,  reddish-brown,  no  recovery  at  14  to  16  ft 

Claystone,  gray,  with  intermittent  oxidized  streaks 

No  recovery 

Coal  beds  and  clay,  thin,  carbonaceous,  brown 

Clay  and  silt,  gray;  mostly  silt  to  about  40  ft 

Coal 

Clay  and  silt,  gray,  some  oxidation  in  interval 

Sandstone,  fine-grained,  buff 

Sandstone,  well-cemented,  gray 

Sandstone  grading  into  carbonaceous  silt 

Claystone,  carbonaceous,  silty,  gray 

Coal,  very  thin  stringer;  shale,  carbonaceous 

Shale,  gray 

Sandstone,  very  fine  grained,  gray,  with  very  loose  coal 

stringers 
Silt,  clayey,  gray,  with  carbonaceous  material 
Shale,  very  carbonaceous,  black;  silt,  gray  at  118  to  119  ft 
Coal  (Anderson) 

Clay  and  shale,  carbonaceous,  brown 
Sandstone,  fine-grained,  gray 
Shale  and  sandstone,  alternating,  gray 


288 


Test  well:   HWC-24 
Location:   09S44E06BBBB2 
Date  drilled:   9-14-76 


Land-surface  altitude:   3,720  ft 
Total  depth:   201  ft 
Depth  to  water:  dry 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
187  to  196  feet;  formation  packer  at  184  feet. 


Depth 

0-2 

2-4 

4-15 

15-22 

22-32 

32-35 

35-49 

49-57 

57-66 

66-80 

80-108 

108-137 

137-140 

140-141 

141-148 

148-164 

164-166 

166-169 

169-187 


187-196 
196-201 


Lithologic  description 

Soil,  clayey,  brown 

Soil,  clayey,  buff 

Claystone,  gray 

Silt  and  clay,  gray 

Sandstone,  well-cemented,  gray 

Sandstone,  clayey 

Claystone,  carbonaceous,  gray 

Shale,  gray 

Sandstone,  poorly  consolidated,  gray 

Silt,  clayey,  gray 

Shale,  carbonaceous 

Coal  (Anderson) 

Clay,  gray 

Siltstone,  hard,  gray 

Shale,  carbonaceous,  gray 

Sand,  clayey,  gray 

Sand,  becoming  claystone 

Sand,  gray 

Shale,  carbonaceous,  gray;  numerous  thin  carbonaceous 

partings,  less  carbonaceous  between  178  and  185  ft; 

very  carbonaceous  at  185  to  187  ft 
Coal  (Dietz) 
Clay,  silty,  gray 
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Test  well:   HWC-25 
Location:   09S44E08BBAB1 
Date  drilled:   9-23-76 


Land-surface  altitude: 
Total  depth:   180  ft 
Depth  to  water:   98  ft 
Sample  source:   core 


3,675  ft 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
165  to  177  feet;  formation  packer  at  160  feet. 


Depth 

0-3 
3-10 
10-11.5 
11.5-12.5 
12.5-13.5 
13.5-14.5 
14.5-15.5 
15.5-26.5 


26.5-30 

30-34 
34-35 
35-42 

42-44.5 
44.5-50 

50-53 

53-54 

54-62 

62-62.5 

62.5-64 

64-73 

73-106 

106-108 

108-113 

113-115 

115-115.5 

115.5-117 

117-119 

119-122 

122-125 

125-126 

126-129 

129-130 

130-131 

131-136 


Lithologic  description 

Soil,  silty  and  clayey,  brown 

Clay stone,  yellowish-brown 

Claystone,  gray,  with  carbonaceous  laminae 

Sandstone,  fine-grained,  tan 

Limestone,  hard,  gray,  and  sandstone,  weakly  cemented,  gray 

Claystone,  brown 

Limestone 

Sandstone,  very  fine  to  fine-grained,  weakly  cemented, 

gray,  oxidized  intermittently,  carbonaceous  at  20 

to  23  ft 
Silt,  brown;  sand,  very  fine  grained,  grading  to  clay  near 

30  ft  with  some  carbonaceous  material 
Clay,  steel-gray,  with  carbonaceous  material 
Claystone,  very  carbonaceous 
Claystone,  gray,  with  some  carbonaceous  material,  silty 

from  35  to  37  ft 
Claystone,  very  carbonaceous,  with  coal  stringer 
Sandstone,  very  fine  to  fine-grained,  poorly  cemented, 

gray,  much  carbonaceous  material 
No  recovery 
Shale,  gray 

Shale,  carbonaceous,  very  carbonaceous  from  56  to  62  ft 
Limestone,  gray 
Siltstone,  gray 
Shale,  carbonaceous 
Coal  (Anderson) 
Clay,  silty,  gray 

Sandstone,  very  fine  grained,  gray 
Clay,  carbonaceous,  gray 
Coal 

Shale,  carbonaceous 
Siltstone,  very  hard,  gray 
No  core  retrieved 
Claystone,  silty,  gray 
Siltstone,  gray 

Claystone,  gray,  with  hard  lenses 
Sandstone,  very  fine  grained,  gray 
Claystone,  gray 
Sandstone,  fine-grained,  gray,  with  clay  lenses 
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Test  well  HWC-25 — continued 

136-137  Sandstone,  medium-grained,  gray,  with  clay  lenses 

137-144  Clay,  greasy,  medium-dark-gray 

144-145  Siltstone,  very  hard,  light-gray 

145-154  Clay,  carbonaceous,  medium-dark-gray  to  black 

154-164  Clay,  carbonaceous,  black 

164-165  Clay,  as  above,  with  coal  stringers 

165-177  Coal  (Dietz) 

177-179  Clay,  silty,  white  to  light-gray 

179-180  Sandstone,  very  fine  grained,  friable,  light-gray 
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Test  well:   HWC-26 
Location:   09S44E08BBAB2 
Date  drilled:   9-28-76 


Land-surface  altitude:   3,675  ft 
Total  depth:   110  ft 
Depth  to  water:   56  ft 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
73  to  105  feet;  formation  packer  at  71  feet. 


Depth 

0-3 
3-10 
10-12 
12-14 
14-16 
16-26 
26-30 
30-34 
34-35 
35-44 
44-50 
50-53 
53-54 
54-62 
62-64 
64-73 
73-106 
106-108 
108-110 


Lithologic  description 

Soil,  silty,  brown 

Claystone,  yellowish-brown 

Claystone,  gray,  with  carbonaceous  laminae 

Sandstone,  fine-grained,  tan,  and  limestone 

Claystone,  brown,  and  limestone 

Sandstone,  very  fine  to  fine-grained,  gray 

Silt  and  sand,  brown,  grading  to  clay  near  30  ft 

Clay,  gray,  with  carbonaceous  material 

Claystone,  very  carbonaceous 

Claystone,  carbonaceous 

Sandstone,  very  fine  to  fine-grained,  gray 

No  recovery 

Shale,  gray 

Shale,  carbonaceous 

Limestone,  gray;  siltstone,  gray 

Shale,  carbonaceous 

Coal  (Anderson) 

Clay,  silty,  gray 

Sandstone,  very  fine  grained,  gray 
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Test  well:   HWC-27 
Location:   09S43E14DBBB 
Date  drilled:   10-7-76 


Land-surface  altitude:   3,710  ft 
Total  depth:   264  ft 
Depth  to  water:   135  ft  (2/15/77) 
Sample  source:   core 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
231  to  259  feet;  formation  packer  at  227  feet. 


Depth 

0-1.5 
1.5-4 
4-12 

12-20 

20-23 
23-27 
27-31 
31-33.5 
33.5-39 


39- 

41.5- 

43.5- 

48- 

50.5- 

57.5- 

60.5- 

63- 

69- 

71- 

83- 

88- 

93- 

101- 

105- 

108- 

11L3 

111.8 

113- 

117- 

119- 

131- 

133- 

136- 

136.5 

139- 


41 

43.5 
48 

50.5 
57.5 
60.5 
63 
69 
71 
83 
88 
93 
101 
105 
108 
111 

-111.8 
-113 
117 
119 
131 
133 
136 
-136.5 
-139 
•141 


Lithologic  description 

Soil,  silty,  gray 

Clay,  brown 

Sandstone,  very  fine  grained,  tan,  becomes  rust-brown; 

silt  from  8  to  10  ft 
Silt,  clayey,  tan;  contains  some  carbonaceous  material, 

grades  to  very  carbonaceous  shale  from  18  to  20  ft 
Shale,  carbonaceous,  with  plant  material 
Coal 

Shale,  carbonaceous 
Sandstone,  fine-grained,  soft,  gray 
Shale,  carbonaceous;  shale,  gray;  and  sandstone,  very 

fine  grained. 
Shale,  carbonaceous 
Sandstone,  fine-grained,  gray 

Sandstone,  fine-grained;  siltstone  and  claystone 
Claystone,  slightly  carbonaceous 
Sandstone,  very  fine  grained,  gray 
Shale,  very  carbonaceous,  brown 
Siltstone,  gray 

Shale,  very  carbonaceous,  black 
Coal 

Sandstone,  very  fine  grained,  gray 
Sandstone,  very  fine  grained,  clayey,  gray 
Sandstone,  with  less  clay 

Claystone,  silty,  gray,  carbonaceous  from  97  ft 
Coal 

Siltstone,  gray 
Claystone,  gray 
Coal 

Claystone,  silty,  gray 
Siltstone,  gray 

Claystone,  gray,  with  some  carbonaceous  material 
Siltstone,  gray,  with  numerous  carbonaceous  laminae 
Sandstone,  very  fine  to  fine-grained,  clayey,  gray 
Claystone,  gray,  gets  more  carbonaceous  with  depth 
Coal 

Siltstone,  gray 
Claystone,  gray 
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Test  well  HWC-27  —  continued 


141-145  Siltstone,  gray,  very  hard  about  144  ft 

145-148  Shale,  gray 

148-155  Siltstone,  gray 

155-157  Siltstone,  very  hard,  gray;  no  log  from  157  to  160  ft 

160-163  Claystone,  gray 

163-165  Shale,  carbonaceous,  and  very  thin  coal 

165-170  Sandstone,  very  fine  to  fine-grained,  gray  with 

carbonaceous  laminae  and  some  clay  layers 

170-183  Sand,  with  more  carbonaceous  material;  thin  coal  at  173  ft 

183-191  Sand,  grades  into  gray  siltstone,  fairly  hard  at  190  to 

191  ft 

191-192  Sandstone,  very  fine  grained,  gray 

192-195  Sandstone,  grading  to  carbonaceous  shale 

195-200  Siltstone,  very  hard,  gray 

200-209  Sandstone,  very  fine  grained,  clayey,  gray,  with  some  car- 
bonaceous material 

209-228  Shale,  carbonaceous,  brown 

228-230  Shale,  carbonaceous,  black,  almost  coal 

230-231  Shale,  carbonaceous,  brown 

231-259  Coal  (Anderson) 

259-261  Claystone,  slightly  carbonaceous,  brown 

261-264  Claystone,  gray 
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Test  well:   HWC-28 
Location:   08S44E32DDAB 
Date  drilled:   5-10-77 


Land-surface  altitude:   3,738  ft 
Total  depth:   183  ft 
Depth  to  water:   106  ft  (5-12-77) 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
147  to  178  feet;  formation  packer  at  144  feet. 


Depth 

0-5 
5-9 
9-19 
19-23 
23-24 
24-39 
39-44 
44-58 
58-63 
63-104 

104-105 
105-147 
147-178 
178-183 


Lithologic  description 

Soil,  clayey,  brown 

Shale,  carbonaceous,  with  coal 

Claystone,  carbonaceous,  gray 

Claystone,  silty,  tan 

Siltstone,  hard  gray 

Claystone,  tan,  to  shale,  gray  at  24  to  30  ft 

Coal 

Shale,  bluish-gray 

Sandstone,  very  fine  to  fine-grained,  gray 

Shale,  silty,  carbonaceous,  gray;  very  carbonaceous 

from  about  95  ft 
Siltstone,  hard 
Shale,  very  carbonaceous 
Coal,  parting  near  175  ft 
Clay,  gray 
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Test  well:   HWC-29 
Location:   09S44E07BBCC1 
Date  drilled:   5-13-77 


Water-well  construction  notes: 


Land-surface  altitude:   3,620  ft 
Total  depth:   94  ft 
Depth  to  water:   47  ft  (6-07-77) 
Sample  source:   cuttings 

Hole  drilled  with  air  and  water  circulation; 
cased  with  4-inch  plastic  pipe  perforated  from 
57  to  89  feet;  formation  packer  at  54  feet. 


Depth 

0-1 
1-9 
9-12 
12-16 
16-19 
19-23 
23-31 
31-34 
34-57 
57-89 
89-94 


Lithologic  description 

Soil,  clayey,  tan 

Sandstone,  fine-grained,  tan 

Claystone,  gray 

Claystone,  thin  layers,  and  very  fine  grained  sandstone 

Claystone,  brown 

Siltstone,  clayey,  brown 

Shale,  carbonaceous,  gray,  with  gypsum 

Shale,  brown 

Shale,  carbonaceous;  very  carbonaceous  at  50  to  57  ft 

Coal 

Clay  and  shale,  gray 
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Test  well:   HWC-29A 
Location:   09S44E07BBCC2 
Date  drilled:   5-13-77 


3,619  ft 


Land-surface  altitude: 

Total  depth:   98  ft 

Depth  to  water:   50  ft  (9-27-77) 

Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from  62 
to  93  feet;  formation  packer  at  61  feet. 


Depth 

0-1 
1-3 
3-13 
13-16 
16-19 
19-28 
28-32 
32-39 
39-62 
62-93 
93-98 


Lithologic  description 

Soil,  clayey,  tan 

Claystone,  reddish-brown 

Sand,  very  fine  grained,  tan 

Claystone,  gray 

Claystone,  thin  layers,  and  sandstone,  very  fine  grained 

Shale  and  siltstone,  brown 

Claystone,  gray,  with  gypsum 

Claystone,  brown 

Shale,  carbonaceous;  very  carbonaceous  at  55  to  62  ft 

Coal 

Silt  and  clay,  gray 
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Test  well:   HWC-29B 
Location:   09S44E07BBCC3 
Date  drilled:   5-14-77 


Land-surface  altitude:   3,620  ft 
Total  depth:   92  ft 
Depth  to  water:   46  ft  (9-27-77) 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
57  to  87  feet;  formation  packer  at  54  feet. 


Depth 

0-35 
35-57 
57-87 
87-89 
89-92 


Lithologic  description 

No  log 

Shale,  carbonaceous;  very  carbonaceous  from  50  to  57  ft 

Coal,  parting  near  85  ft 

Clay,  gray 

Silt 
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Test  well:   HWC-29C 
Location:   09S44E07BBCC4 
Date  drilled:   5-17-77 


Land-surface  altitude:   3,622  ft 
Total  depth:   90  ft 
Depth  to  water:   42  ft  (9-27-77) 
Sample  source:   cuttings 


Water-well  construction  notes: 


Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated 

from  54  to  84  feet;  formation  packer  at  53  feet 


Depth 

0-12 
12-15 
15-18 
18-23 
23-30 
30-54 
54-85 
85-90 


Lithologic  description 

No  log 

Claystone,  silty,  gray 

Siltstone,  hard 

Silt  and  very  fine  grained  sandstone,  brown 

Claystone,  reddish-brown,  with  gypsum 

Shale,  carbonaceous;  very  carbonaceous  at  45  to  54  ft 

Coal;  parting  near  83  ft 

Clay  and  silt,  gray 
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Test  well:   HWC-30 
Location:   09S44E09CCAB 
Date  drilled:   5-17-77 


Land-surface  altitude:   3,698  ft 
Total  depth:   186  ft 
Depth  to  water:   45  ft  (10-77) 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
153  to  183  feet;  formation  packer  at  149  feet. 


Depth 

0-11 
11-18 
18-41 

41-50 
50-56 
56-71 

71-85 
85-100 
100-110 
110-137 
137-153 
153-183 
183-184 
184-186 


Lithologic  description 

Sand,  very  fine  grained,  and  silt,  tan 

Sand,  very  fine  grained,  tan 

Gravel,  very  silty;  subangular  pebble  sandstone,  very 

fine  grained;  siltstone  and  claystone 
Shale,  carbonaceous,  gray 
Shale,  carbonaceous,  with  coal  stringers 
Shale,  silty,  gray;  with  thin  siltstone  at  63  ft,  64  to  65 

ft  and  70  ft 
Shale,  carbonaceous,  gray 
Shale,  gray 
Shale,  carbonaceous 

Shale,  siltstone,  and  sandstone,  very  fine  grained,  gray 
Shale,  carbonaceous 
Coal 

Clay,  gray 
Clay,  silty 
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Test  well:  HWC-31 
Location:   09S44E09CBCA 
Date  drilled:   5-26-77 


Land-surface  altitude:   3,680  ft 
Total  depth:   54  ft 
Depth  to  water:   30  ft  (6-8-77) 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from  38 
to  49  feet;  formation  packer  at  33  feet. 


Depth 

0-18 
18-37 
37-43 
43-49 

49-54 


Lithologic  description 

Soil,  silty,  brown 

Sand,  very  fine  grained,  clayey,  brown 
Clay,  brown 

Gravel,  pebble,  subrounded  to  rounded;  sandstone,  silt- 
stone  and  claystone 
Clay 
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Test  well:   HWC-32  Land-surface  altitude:   3,622  ft 

Location:   09S44E07ADAA2  Total  depth:   25  ft 

Date  drilled:   5-27-77  Depth  to  water:   6  ft  (11-77) 

Sample  source:   cuttings 

Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
11  to  22  ft;  gravel  packed  8  to  22  feet. 

Depth  Lithologic  description 

0-14  Clay,  silty,  wet 

14-21  Gravel,  subangular  to  rounded  pebble;  sandstone,  very 

fine;  silt stone  and  claystone 
21-25  Clay 
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Test  well:   HWC-33  Land-surface  altitude:   3,621  ft 

Location:   09S44E07ADAB  Total  depth:   24  ft 

Date  drilled:   6-1-77  Depth  to  water: 

Sample  source:   cuttings 

Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
8  to  23  feet;  gravel  packed  from  5  to  23  feet. 

Depth  Lithologic  description 

0-9  Silt,  clayey,  brown 

9-17  Gravel,  very  sandy  and  silty 

17-24  Clay,  gray 
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Test  well:   HWC-34 
Location:   09S44E07ADAC 
Date  drilled:   6-2-77 


Land-surface  altitude:   3,621  ft 
Total  depth:   27  ft 
Depth  to  water:   5  ft  (6-7-77) 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  air  and  water  circulation; 

cased  with  4-inch  plastic  pipe  perforated  from 
14  to  27  feet;  gravel  packed  from  10  to  27  feet, 


Depth 

0-14 
14-22 
22-27 


Lithologic  description 

Silt,  clayey,  brown 

Gravel,  sandy 

Clay,  carbonaceous,  gray  and  black 
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Test  well:   HWC-35 
Location:   09S43E12ABDD1 
Date  drilled:   6-10-77 


Land-surface  altitude:   3,575  ft 
Total  depth:   61  ft 
Depth  to  water:   7  ft  (8-8-77) 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  mud  circulation;  cased  with 

4-inch  plastic  pipe  perforated  from  27  to  57 
feet;  formation  packer  at  24  feet. 


Depth 

0-15 
15-18 
18-25 
25-57 
57-61 


Lithologic  description 

Silt,  brown 

Gravel 

Clay,  sandy 

Coal;  parting  near  53  ft 

Clay,  gray 
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Test  well:   HWC-36  Land-surface  altitude:   3,575  ft 

Location:   09S43E12ABDD2  Total  depth:   22  ft 

Date  drilled:   6-14-77  Depth  to  water:   7  ft  (11-77) 

Sample  source:   cuttings 

Water-well  construction  notes:  Hole  drilled  with  mud  circulation;  cased  with 

4-inch  plastic  pipe  perforated  from  12  to  22  feet, 

Depth  Lithologic  description 

0-15  Silt,  brown 

15-18  Gravel  and  sand 

18-22  Clay,  sandy 
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Test  well:   HWC-37  Land-surface  altitude:   3,578  ft 

Location:   09S43E12ADBB1  Total  depth:   32  ft 

Date  drilled:   6-14-77  Depth  to  water:   — 

Sample  source:   cuttings 

Water-well  construction  notes:  Hole  drilled  with  mud  circulation;  cased  with 

4-inch  plastic  pipe  perforated  from  16  to  32  feet, 

Depth  Lithologic  description 

0-16  Sand,  very  fine,  clayey,  and  silt,  with  small  gravel 

fraction 
16-18  Gravel 

18-25  Sand,  clayey 

25-32  Gravel,  silty,  pebble,  with  assorted  rock  types 

32-  Coal 
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Test  well:   HWC-38 
Location:   09S43E12ADBB2 
Date  drilled:   6-15-77 


Land-surface  altitude: 
Total  depth:   40  ft 
Depth  to  water: 
Sample  source:   cuttings 


3,586  ft 


Water-well  construction  notes 


Hole  drilled  with  air  and  water  circulation; 
cased  with  4-inch  plastic  pipe  perforated  from 
27  to  40  feet;  formation  packer  at  2  feet. 


Depth 

0-27 
27-29 
29-37 
37-40 
40- 


Lithologic  description 

Silt,  clayey,  and  very  fine  sand 

Gravel 

Sand ,  clayey 

Gravel 

Coal 
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Test  well:   HWC-39 
Location:   09S43E12ADBD 
Date  drilled:   6-16-77 


Land-surface  altitude:   3,591  ft 
Total  depth:   39  ft 
Depth  to  water:   24  ft  (11-77) 
Sample  source:   cuttings 


Water-well  construction  notes:  Hole  drilled  with  mud  circulation;  cased  with 

4-inch  plastic  pipe  perforated  from  22  to  36  feet. 


Depth 

0-12 
12-30 
30-36 
36-38 
38-39 


Lithologic  description 

Silt,  clayey,  tan 
Silt,  clayey,  sandy 
Gravel,  sandy 
Clay,  carbonaceous 
Coal 
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DENVER,  CO  80225-0047 


DATE  DUE 

OAVIORD 

PHMTEDMUJJl 

EMRIA 
(Energy  Mineral  Rehabilitation  Inventory  and  Analysis) 


EMRIA  is  a  coordinated  approach  to  field  data  collection,  analyses, 
and  interpretation  of  overburden  (soil  and  bedrock),  water,  vegetation, 
and  energy  resource  data.   The  main  objective  of  the  effort  is  to  assure 
adequate  baseline  data  for  choosing  reclamation  goals  and  establishment 
of  lease  stipulations  through  site-specific  preplanning  for  surface 
mining  and  reclamation. 

This  report  is  prepared  through  the  efforts  of  the  Department  of  the 
Interior,  principally  by  the  Bureau  of  Land  Management  and  Geological 
Survey.   Assistance  is  also  provided  by  other  federal  and  state  agencies. 

Reports  under  this  effort  are: 

EMRIA  Report  Number,  Year 


1-75  Otter  Creek,  Montana  10-77 

2-75  Hanna  Basin,  Wyoming  11-77 

3-75  Taylor  Creek,  Colorado  12-77 

4-75  Alton,  Utah  13-77 

5-76  Bisti  West,  New  Mexico  1 4-77 

6-76  Foidel  Creek,  Colorado  15~77 

7-76  Red  Rim,  Wyoming  16-77 

8-76  Bear  Creek,  Montana  1 7~77 

9-76  Horse  Nose  Butte,  North  18-77 
Dakota 


Beulah  Trench,  North  Dakota 
Pumpkin  Creek,  Montana 
Hanging  Woman,  Montana 
White  Tail  Butte,  Wyoming 
Potter  Mountain,  Wyoming 
Henry  Mountain,  Utah 
Emery,  Utah 
Kimbeto,  New  Mexico 
Fish  Creek,  Colorado 


Reports  are   available  from  the  following  BLM  State  Offices: 


COLORADO  -  Colorado  State  Office 

1600  Broadway  -  Room  700 
Denver,  Colorado  80202 


WYOMING  -  Wyoming  State  Office 
2120  Capitol  Avenue 
P.O.  Box  1828 
Cheyenne,  Wyoming  82001 


MONTANA/NORTH  DAKOTA  -  UTAH 

Montana  State  Office 
222  N.  32nd  Street 
P.O.  Box  30157 
Bi  1  1 ings,  Montana   59107 

NEW  MEXICO  -  New  Mexico  State  Office 
Federa 1  Bui ldi  ng 
P.O.  Box  1449 
Santa  Fe,  New  Mexico  87501 


Utah  State  Office 

Federa 1  Bu  i Id  ing 

136  South  Temple 

Salt  Lake  City,  Utah  841 1 1 


Bureau  of  Land  Management 

Library 

B!dg.  5  a  I  Center 

Denver,  CC 


